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CHARACTERIZATION OF MENZ AND AFAR 
INDIGENOUS SHEEP BREEDS OF SMALLHOLDERS AND 
PASTORALISTS FOR DESIGNING COMMUNITY-BASED BREEDING 
STRATEGIES IN ETHIOPIA 
 
ABSTRACT 
 
This study aimed at understanding of existing sheep breeding practices, identifying sheep 
breeding goals and characterizing the morphological and biometrical characters of Menz and 
Afar sheep breeds in their habitat as a step towards developing sustainable sheep breeding 
strategy. The study was conducted by implementing single visit questionnaire, observing and 
recording of sheep morphological characters, and by recording body weight and body 
measurements.  The survey revealed that the mean sheep flock size per household was 31.6 in 
Menz and 23.0 in Afar area. Nearly half of the pastoralists in Afar area and one-fifth of 
smallholder farmers in Menz area do not have breeding ram. The survey revealed the 
predominance of uncontrolled mating, small flock size and less proportion of breeding male 
(especially in Afar sheep). Mixing of different sheep flocks within a village was varying by 
season in both production systems. When flocks are mixed, the inbreeding coefficient could be 
reduced by 86% in Menz and 78% in Afar sheep flocks. Menz and Afar rams were castrated 
at the age of 1.7 and 1.5 years, respectively. After castration sheep were kept for longer 
period of time, 1.9 years (range of 0.25 to 5 years) and 3.1 years (range of 1 to 6 years) for 
Menz and Afar sheep breeds, respectively. Appearance/conformation was the most important 
trait in choosing of breeding ram for both Menz and Afar sheep owners. Lambing interval and 
mothering ability in both crop-livestock and pastoral systems and milk yield in pastoral 
systems were important traits for the choice of breeding ewes. Sexual maturity age of Menz 
ram was 10.5 months whereas Afar ram attains sexual maturity at average age of 7.1 months.  
Age at first lambing, lambing interval, twining rate and lifetime productivity of Menz sheep 
were 470.1 days, 255.1 days, 1% and 9.3 lambs, respectively. The corresponding values for 
Afar sheep were 405.6 days, 270.5 days, 5%, 12.1 lambs, respectively.  The average market 
age of male and female Menz sheep were 11.3 and 11.9 months, respectively. Afar sheep were 
marketed at average age of 6.7 and 8.4 months for male and females, respectively. Afar ewes 
had mean (standard deviation) milk yield of 224 (54) ml per day with lactation length ranging 
from 1.5 to 6.0 months. The purpose of keeping sheep in Menz area was to generate income 
followed by meat, manure, coarse wool and as means of saving, in that order. For Afar 
pastoralists milk production, meat consumption and income generation are the purposes for 
keeping sheep. In both production systems, feed shortage, frequent drought and disease were 
the most important sheep production constraints. Menz sheep are fat tailed (100%) and the 
tail was curved upward at the tip (99.5). Plain red, white and black coat colours were the 
dominant colours observed in Menz sheep with proportion of 29.3%, 21.6% and 15.8%, 
respectively. Almost all (99.1%) of the Menz ewes had no horn whereas most (92.3%) of the 
rams had horn. About 18.5% of the Menz rams had ruff (long hair around the neck region of 
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the inner part) whereas females had no ruff. Menz rams had no wattle while 6.1% of the ewes 
had wattle. About 15.4% of the Menz sheep had rudimentary ear, 35.3% had short ear 
showing a tendency to incline downward and the remaining about half (49.3) of the sheep had 
larger and dropping/semi-pendulous ears. Afar sheep breed is fat tailed and the tail was 
curved upward having a wider tail both at the base and at the tip. The major (90%) coat 
colour of Afar sheep varies from white to light red; white with red patch along the back 
(41.9%), plain light red (30.9%), plain white (17.2%). Plain dark red accounted for 7% and 
the remaining few proportions were black, mixture of black and white; and dark grey.  Almost 
all of the Afar sheep (99.2%) had straight head profile. Both sexes of Afar sheep breed are 
polled. About 2.4% of the female had wattle while all of the males had no wattle. The breed 
has no ruff, but dewlap is present in both sexes. Majority (78.6%) of the Afar sheep were 
short eared showing a tendency of inclination downwards and about 19.7% were with 
rudimentary ear. Long dropping ear found rarely (1.7%). Sex and age of the sheep had a 
significant (p<0.01) effect on body weight and many of the body measurements. Generally, 
body weight and measurements were higher for males and also increased as the age 
increased from the youngest or 0 pairs of permanent incisor (PPI) to the oldest age group (2 
and above PPI). Body weight of mature (having 2 and above PPI) Menz ram and ewes were 
24.9 ± 0.67 kg and 22.3 ± 0.13 kg, respectively.  The corresponding values for Afar rams and 
ewes were 29.0 ± 0.84 and 24.5 ± 0.14 kg, respectively. Positive and highly significant 
(P<0.01) correlations were observed between body weight and most of the body 
measurements. Chest girth had consistently the highest correlation coefficient (0.81 to 0.97%) 
with body weight in all age groups of both sexes of Menz and Afar sheep. Chest girth also the 
first variable to enter in to the model of stepwise regression analysis in both males and 
females of Menz and Afar sheep breeds by explaining the highest variation than other 
measurement. Thus chest girth could be used for the prediction of body weight, could serve as 
indirect selection criteria for body weight or it could help to measure progress of selection. 
The prediction of body weight could be based on regression equation y = -23.42 + 0.67x for 
Menz rams, y = -23.29 + 0.67x for Menz ewes, y = -30.77 + 0.82x for Afar rams and              
y = -31.0 + 0.80x for Afar ewes, Where y and x are body weigh and chest girth, respectively. 
It was concluded that genetic improvement programs targeting smallholder farmers in mixed 
crop-livestock and in the pastoral production system need to incorporate trait preference of 
farmers/pastoralist, multipurpose role of sheep and the existing traditional herding and 
breeding practices.  
  
1. INTRODUCTION 
 
Sheep are able to adapt to broad range of environments and are found in all agro-ecologies of 
Africa (Kiwuwa, 1992; Rege, 1994). Ethiopia is home for at least 9 breeds and 14 traditional 
sheep populations (Solomon et al., 2007a) with an estimated 25 million heads (CSA, 2007). 
They are able to complement goat, cattle and camel in utilization of available feed resources. 
They have special features like efficient utilization of marginal and small plot of land, short 
generation length, high reproductive rate, low risk of investment and more production per unit 
of investment as compared with cattle (Rege, 1994; Sahana et al., 2004; Dixit et al., 2005).  
Furthermore, their multipurpose role as source of income, meat, skin, manure and coarse wool 
or long hairy fleece, as means of risk avoidance during crop failure and their cultural function 
during festivals are well documented (Abebe, 1999; Jaitner et al., 2001; Kosgey et al., 2008). 
These make them suited to the low input smallholder and pastoral production systems.  
The available tropical sheep breeds are the result of many generations of human and natural 
selection predominantly for survival under the prevailing fluctuating feed scarcity, disease 
challenges, low level of management and harsh climate rather than for high levels of 
production (Devendra and McLeroy, 1982; FAO, 2000; Markos et al., 2004). Despite low 
level of productivity due to several technical (genotype, feeding and animal health), 
institutional, environmental and infrastructural constraints (Niftalem, 1990; Abebe, 1999; 
Markos, 2006), indigenous sheep breeds have a great potential to contribute more to the 
livelihood of people in low input, smallholder and pastoral production systems (Kosgey and 
Okeyo, 2007).  
It is very urgent to boost low productivity of livestock in order to satisfy the large Ethiopian 
human population estimated at 79.2 million in July 2007 with an annual growth rate of 2.5% 
(CSA, 2007). High phenotypic diversity observed for morphological characters on sheep 
found in the country (Solomon et al., 2007a) and the significant within and between breed 
variation on growth and survival in Menz and Horro sheep breeds and moderate heritability 
for growth traits for Menz, Horro and Afar sheep breeds (Beniam, 1992; Markos, 2006; 
Solomon, et al., 2007b) are good opportunity to start sheep genetic improvement programs. 
With all the above facts, designing and implementing appropriate sheep breeding strategy 
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using the vast indigenous genetic resource and indigenous knowledge would obviously bring 
sustainable change. Unfortunately, attempts to improve small ruminants in the tropics so far 
based on importing exotic ram faced several constraints mainly due to weak planning, poor 
involvement of livestock owners and implementing livestock improvement programs without 
taking into consideration the needs of farmers (Sölkner et al., 1998; Kosgey et al., 2006; 
Markos et al., 2006).  The transfer of successful animal breeding schemes from developed 
countries also proved to be difficult or impossible in many instances because such schemes 
are high-tech operations involving sophisticated methods of measuring and evaluating 
animals, biotechnologies, very high level of organization and high level of input of capital and 
labor (Sölkner, et al., 1998; Kosgey, et al., 2006).  
There is, therefore, need for a new thinking and developing breeding programs with the 
consultation and involvement of all stakeholders from the planning to implementation stage. 
One such approach is a community-based breeding program proposed by Sölkner et al. 
(1998). This community-based approach is being tried in quite few places; genetic 
improvement of the quality of fleece of Chiapas sheep in southern Mexico through the 
utilization of the indigenous Tzotzil selection criteria (Perezgrovas, 1995; Castro-G´amez et 
al., 2008) and in Uganda, identification of the breeding objectives of Ankole cattle breed has 
been practiced with the community (Ndumu et al., 2008). The International Livestock 
Research Institute (ILRI) jointly with the Austrian University of Natural Resource and 
Applied Sciences (BOKU), International Centre for Agricultural Research in the Dry Areas 
(ICARDA) and National Agricultural Research Systems in Ethiopia is designing a 
community-based sheep breeding strategy for some Ethiopian sheep breeds including Menz 
and Afar sheep breeds. These sheep breeds are among the sheep breeds of Ethiopia that are 
well adapted to the marginal areas of the country in which crop production and maintaining 
large flock are hardly possible (Solomon et al., 2007a). Menz sheep breed is well adapted to 
the very cold climate of the cool highlands and are tolerant to drought and variable seasonal 
feed availability, tolerant to endo-parasite infection, produce meat, coarse wool, skin and 
manure (Aynalem, 1999; Markos, 2006). The Afar sheep breed, on the contrary to Menz 
sheep, is well adapted to the arid and semi-arid environment of the pastoral management 
system (Galal and Kasahun, 1981; FAO, 1991).  
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Detailed information on the breed and production system need to be available to design a 
community-based breeding strategy. Unfortunately, information available on Ethiopian sheep 
breeds is scanty (Workneh et al., 2004) and available information so far have been based on 
on-station managed flocks and numerical measurements like body weight. Looking at a breed 
from this perspective alone does not consider the keeper’s priorities (Kosgey, 2004). 
Therefore, assessing the production system, indigenous knowledge of managing the breed, 
identifying list of breeding goal traits, describing morphological characters and productivity 
level of the breeds in their habitat with full participation of the community are prerequisites to 
set up genetic improvement program at smallholder and pastoral levels (Sölkner et al., 1998; 
Kohler-Rollefson and Rathore; 2006; Kosgey et al., 2006).  
Thus, this study was aimed at characterization of the indigenous Menz and Afar sheep breeds 
in their respective environments for designing community-based sheep breeding having the 
following objectives. 
Objectives: 
• To characterize the production and reproduction performance and the physical 
characteristics of Menz and Afar sheep breeds in their environment and to describe 
their production system for the establishment of community-based sheep breeding 
strategy; and 
• To develop prediction equations for estimation of body weights from various body 
measurements in Menz and Afar sheep breeds under field conditions. 
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2. LITERATURE REVIEW 
 
 
2.1. Origin of Sheep 
Sheep belong to the sub-family Caprinae, family Bovidae. The genus Ovis include all sheep, 
while domesticated sheep belong to the species Ovis aries. There is more confusion and 
disagreement about the ancestry of sheep than any other animals. This difficulty arises from 
the bewildering number of breeds and the marked changes produced by domestication. Sheep 
are extremely versatile and since domestication they have spread throughout the world 
(Devendra and McLeroy, 1982) and currently there are more than 850 distinct breeds of sheep 
scattered throughout the world (FAO, 2000; Rege, 2003b).  
The wild ancestor of domestic sheep lived in the mountains and upland steeps of western Asia 
where the moderate climate and short grass rangelands relatively free of bush and trees, 
provided an ideal habitat. The outer coat of wild sheep is stiff and hairy and covers a short 
wooly undercoat, while in domestic sheep the hairy undercoat is absent (Ensiminger, 2002). 
Domestic sheep are thought to descend mainly from the Muflons, Ovis musimon and Ovis 
orientalis. The Asiatic Urial (Ovis vignei) may possibly be an ancestor of domestic sheep, but 
the difference in chromosome number makes any direct ancestry questionable. Perhaps some 
modern breeds trace back to other wild stocks, but differ in chromosome number and 
geography may limit ancestry. The diploid karyotype number of wild sheep varies from 52 to 
58 but despite this, given the opportunity; they will interbreed with domestic sheep 
(chromosome number 54) to produce fertile offspring (FAO, 2000; Ensiminger, 2002).  
The considerable differences in appearance between domestic sheep and their wild ancestors 
occurred very early in the domestication process. Although differing widely in body form and 
wool character, domestic sheep of all breeds are universally timid and defenseless, least 
intelligent and least teachable of all the domestic four-toed animals. It is certain that sheep 
came from the wild sheep of Europe and Asia (Devendra and McLeroy, 1982).  
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2.2. Diversification of Sheep Breeds 
Following domestication, further diversification among breeds has stemmed from selection by 
man for numerous characteristics such as appearance, color, size and wool production. The 
modification which domestication brought about resulted from alteration in the mating system 
where by inbreeding, out breeding and assortative mating became the predominant mating 
system as opposed to random mating. The process of domestication brought about a number 
of morphological and physiological modifications in sheep. Consequently, breeds of sheep 
differ markedly in adaptability to different environments and in performance for traits that 
influence efficiency of production and product quality. Environmental changes under 
conditions of domestication would have permitted genetic variation to become more evident 
and thus more readily influenced by selection and the altered mating system (Devendra and 
McLeroy, 1982). The diversity created among each breed have a genetic basis and can 
therefore be exploited in a structured cross breeding system designed for a specific 
production-marketing situation (Leymaster, 2002). 
The genetic variation among breeds for production traits does not imply that one breed is 
better than the other. The value of breed diversity is that producers can identify and use a 
breed or breeds that perform at a level consistent with marketing goals and with production 
resources such as feed availability, labor, facilities and managerial skill. A breed that excels 
for daily gain and carcass traits may be less adaptable to a harsh environment or a breed that 
is parasite tolerant and has extended breeding seasonality may not produce a lean carcass at 
typical market weight (Leymaster, 2002). 
Almost all specialized breeds have their origins in developed countries where breeding has 
been towards specific goals for hundreds of years. Specialized breeds are more genetically 
uniform than non-specialized breeds. The genetic diversity within non-specialized breeds of 
livestock in tropical developing countries is still relatively large, although declining. These 
populations may be carrying unidentified genes which could be critical for increasing 
production or special adaptation in the future (Rege, 1999).  
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2.3. Sheep Production Systems  
 
Sheep production systems in Ethiopia are predominantly traditional. The prevailing sheep 
production systems have evolved in relation to the total availability of land, the overall pattern 
of crop production and farming systems (the type of crop production practiced and the 
frequency or intensity of cropping), the area of uncultivated wasteland, and the density of 
animal populations. In addition to the physical environment, characterizing sheep production 
consists of assessing the important products and functions of livestock.  
 
The major livestock production systems in Ethiopia are: 1) sheep-barley or sheep production 
system that prevail in the high altitude areas (above 3000 m.a.s.l.) where sheep are the main 
source of income, meat, manure, skin and coarse wool. In extreme altitudes, crop production 
is limited by cold conditions and precipitous terrain and farming system is shifting to 
sheep/barley systems or sheep production alone (MOA, 1998, Markos, 2006). Sheep flocks 
are larger, typically comprising 10-30 animals with fewer small flocks, and fewer larger 
flocks of above thirty (Abebe, 1999, Markos, 2006).  (2) Mixed crop-livestock systems covers 
areas in altitude between 1500 to 3000 meters above sea level in which sheep are kept in 
small flock. Within the mixed crop-livestock system, small ruminant production systems are 
found associated with the different agricultural production systems which vary in potentials, 
intensity of the mixed farming operation, natural resources base including grazing and 
livestock resources. This diversity is reflected in the contribution of livestock to subsistence 
farming and to national economies as a whole. Almost all livestock in the moist and sub-moist 
highland zones are owned by smallholder mixed sedentary farmers with a variable intensity of 
crop-livestock integration. In the sub-humid and humid zones, livestock production is of 
minor importance and is characterized by cultivation of a combination of cash and subsistence 
crops. In the highland areas the climate is generally temperate and comparatively favorable 
for both crop and livestock production. In some parts, the rainfall pattern is bimodal with two 
distinct growing seasons. Livestock production, including flocks of sheep or a mixture of 
sheep and goats is an important part of the farming system. Water logging particularly on the 
heavier soils, soil fertility problems, environmental degradation, increased grazing burden, 
frost problem and shortage of land due to both human and livestock population pressure are 
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some of the major features in the highland.  (3) Pastoral production system is located in the 
arid and semi-arid lowland areas below 1500 m.a.s.l. in which livestock rearing is the 
mainstay of people (Markos, 2006). The arid zones of the country are characterized by mean 
annual rainfall between 100 and 800 mm, mean annual temperature of 210 C – 27 0 C and 
mean annual potential evapo-transpiration of between 1700 and 2600 mm (FDRE, 1998; 
MOA, 1998). In the more arid regions, pure pastoralism is practiced. Livestock, including 
small ruminant production is associated with the purely livestock based nomadic and 
transhumance pastoral production systems based largely on range, primarily using natural 
vegetation. The variability of rainfall is the greatest threat to crop production.  
 
2.4. Characterization of Sheep Breeds 
 
Characterization is defined as the distillation of all knowledge, which contribute to the 
reliable prediction of genetic performances of an animal genetic resource in a defined 
environment and provides a basis for distinguishing between different animal genetic 
resources and for assessing available diversity. Characterization includes a clear definition of 
genetic attributes of an animal genetic resource and the environments to which it is adapted. It 
should include physical description, reproduction and adaptations, uses, prevalent breeding 
system, population trends, predominant production system, description of environments in 
which it is predominantly found and an indication of performance levels (Rege, 2003b; 
Workneh et al., 2004). Most of the sheep characterization works undertaken in Ethiopia 
focused on on-station management. On-station characterization of some Ethiopian sheep 
breeds was started in 1975 by the Ethiopian Institute of Agricultural Research (EIAR) with 
Horro, Adal and Blackhead Somali sheep breeds (Galal, 1983; Markos et al., 2004). The 
International Livestock Research Institute (ILRI) evaluated Menz and Horro sheep breeds at 
Debre Berhan research station (Aynalem, 1999; Ewnetu, 1999; Kasahun, 2000; Mukasa-
Mugerwa et al., 2002; Markos, 2004). Characterization of the performance of Menz sheep 
breed and its cross with the imported Awassi; improving the indigenous Menz sheep through 
selection and crossbreeding is underway at Debre Berhan Agricultural Research Center 
(DBARC). Research output and information obtained at station should be evaluated under 
farmers situation and the DBARC has started improvement programs in the highlands of 
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South Wollo and North Shewa aimed at improving indigenous sheep breed through 
crossbreeding. Evaluation of the performance of indigenous Menz sheep and their crosses 
with Awassi was evaluated (Hassen et al., 2002). On-farm characterization of production 
system of Menz sheep in Lallo-Mama woreda (Abebe, 1999) and around Debre Berhan 
(Agyemang et al., 1985) was conducted. Characterization of the thin-tailed Gumuz sheep and 
its production system (Solomon, 2007), on-farm evaluation of Washera sheep breed in 
Western Highland of the Amhara region (Mengiste, 2008), characterization of Blackhead 
Somali sheep (Fekerte, 2008) and production system and marketing of sheep in Southern 
Ethiopia (Tsedeke, 2007) were conducted and might be useful to start sheep breed 
improvement programs. Characterization of the performance of Afar sheep breed is limited to 
Werer Research Center, no one yet tried to characterize under farmers condition. 
Characterization of Horro sheep breed has been done at Bako Research Center (Solomon, 
2002a). Generally, the current state of knowledge on characterization of farm animal genetic 
resources in Ethiopia shows that there is lack of information about potential level of 
productivity, production characters of local breeds managed in their native production system 
and the genetic make-up of the indigenous breeds (Workneh et al., 2004), although the 
country is widely known to possess a large population of livestock with enormous diversity.  
 
2.5. Sheep Breed Classification in Ethiopia 
In the developed world breed classification is based on several different parameters such as 
suitability for meat or wool production (meat or wool type) or based on their breeding use as a 
specialized ram breed, a specialized dam breed or a dual purpose breed. Wool type breeds 
may be further classified according to the type of wool produced, hence fine-wool type, 
medium-wool type, long-wool type, coarse-wool type, carpet wool type and fur type 
(Ensiminger, 2002). 
Classification based on their importance is not common in Africa; rather sheep breeds are 
classified based on their tail form and hair type. In Ethiopia, according to the review work of 
Workneh et al. (2004) at least six sheep breeds are available in the country. These falls into 
three breed groups: the fat-tailed hair sheep, the fat-tailed coarse wool sheep and the Fat-
rumped hair sheep. The review work of Workneh et al. (2004), the characterization study of 
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Sisay (2002), and Solomon (2007), indicate the presence of long-thin tailed sheep breeds in 
North West and western part of the country on the border area with Sudan. Sisay (2002) 
classified sheep breeds of the Amhara region into four groups based on agro-ecology and 
morphological characteristics. 1) The central highland sheep: include Farta, Tikur, Menz, 
Wollo, Shewa/Legegora, Sekota/Abergele sheep; 2) Rift valley: include Afar sheep; 3) North 
western highland: include Agew/Dangla sheep, Wegera sheep, Semien sheep; and 4) North 
western lowland sheep: include Gumuz/Shankila sheep. Very recently Solomon (2008) 
conducted morphological and molecular characterization of Ethiopian sheep breeds by 
targeting those sheep populations traditionally recognized by ethnic and/or geographic 
nomenclatures. Based on his finding, the Ethiopian sheep breeds are classified into 14 
traditional populations in 9 breeds within 6 major breed groups as indicated in Table 1. Some 
parts of the country; Gambella regions and nortern part of Tigray bordering to Eritrea were 
not considered in this study implies the possibility of existing additional sheep population/s in 
the country (Solomon Gizaw, personal communication).  
Table 1. Indigenous sheep types of Ethiopia 
 
Breed group Breed  Population  Tail type/shape Fiber type 
I. Short-fat-tailed Simien Simien Fatty and short  fleece 
Short-fat-
tailed 
Sekota,Farta, 
Tikur,Wollo, Menz 
Fatty and short fleece 
II.  Washera Washera  Washera Fatty and short hair 
III. Thin-tailed        Gumz  Gumz Thin and long hair 
IV. Long-fat- 
       tailed 
Horro Horro Fatty and long hair 
Arsi  Arsi-Bale, Adilo Fatty and long hair 
V. Bonga Bonga Bonga Fatty and long hair 
VI. Fat-rumped 
      sheep 
Afar Afar Fat rump/fat tail hair hair  
BHS BHS Fat rump/tiny tail hair 
BHS = Blackhead Somali; Source: Solomon (2008) 
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Solomon (2008) classified Afar sheep as fat-rumped while Galal (1983) and Sisay (2002) 
describe as fat-tailed sheep. Workneh et al., (2004) in their review stated that the Afar sheep 
manifest a tail attribute somewhat intermediate between the true fat-tailed and fat-rumped 
types of sheep, which may be the result of interbreeding between these sheep populations. 
 
2.6. Sheep Breed Improvement  
Genetics is the most important component of the management, use and development of 
animal genetic resources. Genetic improvement could be implemented through selection 
within breed, selection between breeds or crossbreeding. Genetic improvement takes a long 
period of time, the high output breeds of today in New Zealand, Australia and other developed 
countries have been selected for at least 20 generations in a pure breeding system based on 
large flock size. The little research that has been undertaken in tropics found that there are 
highly productive indigenous breeds (FAO, 2005). Similarly, research results in Ethiopia 
indicated the existence of high phenotypic diversity for morphological characters on sheep 
found in the country (Solomon, 2008) and the significant within and between breed variation 
on growth and survival in Menz and Horro sheep breeds and moderate heritability for growth 
traits for Menz, Horro and Afar sheep breeds (Beniam, 1992; Solomon, 2002a; Markos, 2006; 
Solomon et al., 2007b).   
Genetic improvement program requires definition of comprehensive breeding goal traits 
incorporating the specific need and social circumstances of the target group as well as 
ecological constraints. Description of the production environment, breeding objectives, traits 
to be selected, decision about breeding method and breeding population has to be considered 
in designing breeding programs (Sölkner, et al., 1998; Kosgey and Okeyo, 2007). Breeding 
goal is defined as a list of traits to be improved genetically. It should be inline with the 
national agricultural development objectives, and appropriate for which it is defined and 
breeds suited to the production system. Kohler-Rollefson (2000), noticed that breeding goals 
of traditional societies are far more multifaceted than in intensive productions systems and 
comprise many aspects other than high productivity with regard to cash products. They can 
include aesthetic preferences, religious requirement and behavioral aspects, such as a 
complacent nature, good mothering instincts, herd ability, the ability to walk long distance 
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and loyalty to the owner (Kosgey et al., 2004).  Further more the ability of animals to survive 
natural calamities is necessarily more important than high productivity (Solomon, 2008).  
 
2.7. Community-based Sheep Breeding 
 
Livestock breeding in developed countries was implemented with planned reproduction, 
controlled mating, large flock size, individual animal identification, progeny and performance 
testing and recording to identify superior parents and sophisticated data processing (Sölkner et 
al., 1998). Genetic improvement attempt so far in developing countries were mainly focused 
on crossing of indigenous with the exotic sheep, did not bring the expected result (Workneh, 
2002; Hassen et al., 2002). Major problems of sheep crossbreeding as indicated by Workneh 
(2000) and Markos (2006) were lack of clear vision where to bring impact, lack of recording 
at small holder level and incompatibility of the genotype with the existing environment.  
 
Many attempts to improve indigenous sheep genotype based on pure breeding using 
technologies proved in developed world were also failed due to poor participation of farmers, 
interruption of high governmental or other institutional subsidy, small flock size, single sire 
flocks, lack of animal identification, lack of performance and pedigree recording, low level of 
literacy and organizational shortcomings (Sölkner et al., 1998; Kosgey et al., 2006). In a 
pastoral production system, flock mobility is an additional constraint (Markos, 2006).  Kosgey 
et al. (2006) reviewed the failure of two breed improvement programs in the tropics. 1.) 
D’man sheep breed improvement in Morocco, based on an open nucleus scheme with the aim 
of conserving the breed due to, as it ignored non organized farmers, lack of dissemination of 
improved genotype to improve farmers flock and selection objective for prolificacy was not 
supported by the poor environment. 2.) In Senegal, a breeding program was initiated to 
increase the productivity of the local Sahelian breeds (Peul, Touabire) and the trypanotolerant 
Djallonk´e sheep in the semi-arid and sub-humid areas, so as to increase meat supply, and 
subsequently, reduce imports of sheep from neighboring countries to celebrate religious 
ceremonies. This program was not sustained due to insufficient involvement of farmer, 
shortage of financial and logistic resources.  
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Thus sustainable breeding plans and activities in developing countries have to operate under 
low input production systems, not under the assumption of an improved environment. From 
this situation the expected response to selection or crossbreeding will not be high and 
breeding activities are aimed to support small subsistence farmers and pastoralist to develop 
cost and resource-saving production methods and to become more market-oriented, in order to 
provide for their families and stay on the land (Sölkner et al., 1998). Sölkner et al. (1998) and 
Kosgey and Okeyo (2007) stated that the community-based breeding schemes are to become 
viable options for genetic improvement programs of small ruminants in low-input, 
smallholder production systems. In Northern Togo, a FAO/Togolese government funded 
sheep husbandry development project implemented successfully due to the significant 
involvement of women’s group (Kosgey et al., 2006). An on-going small ruminant project in 
South and South-East Asia using an integrated approach to the control of gastro-intestinal 
parasites with the aim of reducing mortality in young goats is purportedly successful. In this 
genetic improvement program an increased in growth rate and reduced mortality were 
obtained due to the involvement of farmers in selection and control of inbreeding (Kosgey et 
al., 2006).  Another program, genetic improvement on fleece quality of Chiapas sheep in 
southern Mexico through the utilization of the indigenous Tzotzil selection criteria 
(Perezgrovas, 1995; Castro-G´amez et al., 2008) has been implemented successfully.  
 
2.8. Indigenous Knowledge in Managing the Breed 
Indigenous knowledge about animal breeding is a valuable resource about the existence of 
breeds and their adaptive traits. Indigenous knowledge can be a source of information about 
scientifically undocumented breeds and traits (Kohler-Rollefson, 2000). Indigenous 
knowledge of animal breeding is made up of various concepts and practices used by livestock 
breeders to influence the genetic composition of their herd. Indigenous knowledge include 
cultural concepts about how to use an animal, local preferences for certain characteristics, 
such as colour, size, and behavioral patterns, disease and drought tolerance, selection 
practices for certain qualities (culling, offspring testing), pedigree-keeping, social restriction 
on selling animals and leading closed gene pools. Researchers screen livestock breeds for 
genetic traits that may have commercial potential. The hardy breeds that have been developed 
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by pastoralists are of particular interest. An example is the Red Massai sheep, a fat-tailed 
breed kept by the Massai herders of East Africa. It is resistant to internal parasites (Odenya, 
1994) and it is of value to the sheep industry worldwide. Scientists hope to take the gene that 
creates this resistance and insert it into other sheep breeds.  
Geerling (2004) reported that through their innovativeness, flexibility and specialized 
knowledge, the nomadic Raika people in India have managed to thrive in harsh, semi-desert 
environments. They have developed hardy livestock breeds and a complex social web that 
revolves around their animals. Their breeding methods have enabled them to cope with harsh 
climatic conditions, migration routes, fodder resources, diseases and healthcare. 
An International Fund for Agricultural Development (IFAD) report by Niamir-Fuller (1994) 
describes some of the indigenous technical knowledge that Yemeni women have on sheep 
fattening and related matters. Women in this region have indigenous knowledge about the 
characteristics and requirements of each breed and the adaptation of each breed to its 
environment. Their knowledge also covers flock separation to control breeding, milk 
production and different weaning practices. They avoid giving sheep sorghum stover as it 
hinders the preparation of dung cakes, which are used for fuel. Women give ewes extra food 
supplements immediately after lambing to help them recover from the birth process.  
Based on the study conducted in Morocco, farmers are able to identify their breed using 
various phenotypic characteristics (Yapi-Gnaori et al., 2003). Agyemang et al. (1985), in their 
study around Debre Berhan, cool highlands of Ethiopia found that sheep owners are quite 
accurate in assessing the age of their sheep by recall in their flock. Thus sheep breed 
improvement program to be successful should consider the full participation of local 
community, their indigenous knowledge and practices (Nijero, 2003; Rege, 2003a).   
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2.9. Herd Size and Breeding Practices 
 
Flock size of small holder in developing countries is small, varied and extremely complex   
(Wilson, 1982). According to Zelalem and Fletcher (1991), in central highlands of Ethiopia 
sheep flock size increased as the altitude increases. Because cool highlands above 3000 
m.a.s.l. are not suitable for crop production as the land is degraded due to continuous 
cultivation and frost problem (MOA, 1998). Higher average sheep flock size of 24 sheep per 
head has been reported by Abebe (1999) for Menz sheep in Lalo-Mama woreda. While in the 
lower altitude, lower flock size of 2.9 (Takele, 2005) and 6.97 (Aden, 2003) in the humid 
Bench Maji zone and around Dire Dawa, respectively were reported. 
 
In most of the traditional systems both breeding ram and ewe graze together throughout the 
year with all age class of sheep and in most cases with other species of livestock (Abebe, 
1999; Aden, 2003). Report on Male to female ratio of different studies range from 1:6.7 to 
1:29 (Niftalem, 1990; Abebe, 1999; Aden, 2003; Solomon, 2007).  
 
2.10. Productivity of Indigenous Sheep Breeds  
 
Tropical sheep are characterized by slow growth rate, able to breed throughout the year, 
adapted to live and produce under harsh environment, resistant/tolerant to disease, heat 
tolerant, ability to use poor quality feed, ability to survive on irregular supply of feed and 
water (Sahana et al., 2004; Yilmaz et al., 2004; Dixit et al., 2005).  
 
2.10.1. Reproductive performance  
 
Reproductive performances like litter size, age at first lambing and lambing interval are 
important traits of sheep production. Such traits are more related to most of the economically 
important traits. Litter size, age at first lambing and lambing interval of some sheep breeds are 
given in Table 2. Study at the former Debre Berhan International Livestock Research Institute 
(ILRI) Mukasa-Mugerwa and Lahlou-Kassi (1995) and a study under farmers management by 
Niftalem (1990) reported that age at first lambing of Menz sheep is about 450 days and 512 
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days, respectively.  As the level of supplement feed increased from low to medium and high 
energy level, the pubertal age decreased by 71, 153 and 155 days, respectively (Mukasa-
Mugerwa and Lahlou-Kassi, 1995).  
    
Table 2. Reproductive performance of indigenous sheep breeds 
 
Breed LS AFL LI Management  Source 
Menz 1.09 - - On-station FAO, (1991) 
Menz 1.02 598 279 On-station DBARC, (2006) 
Menz 1.02 512 395 On-farm Niftalem (1990) 
Menz 1.03 - 286 On-farm Abebe (1999) 
Menz 1.12 450 252 On-station Mukasa-Mugerwa and Lahlou-
Kassi (1995) 
Local sheep around 
Dire Dawa 
1.01 - 336 On-farm Aden (2003) 
Afar 1.03 - - On-station Yebrah (2008) 
Afar 1.14 - - On-farm FAO (1991) 
Washera 1.11 464 271 On-farm Mengistie (2008) 
Horro  1.35 - - On-station FAO (1991) 
Horro 1.34 - -  Solomon (2002)a 
BHS 1.00 - - On-station Yebrah (2008) 
Gumuz - 410 200 On-farm Solomon (2007) 
Sardi  (Morocco) 1.07 - - On-station Boujenane et al. (1997) 
Yankasa (Nigeria) 1.10 533 - On-station Osuhor et al. (1996) 
Djallonke 1.40 622 243 On-station Gbangboche et al. (2006) 
LS = Litter size, AFL = Age at first lambing, LI = Lambing interval. BHS = Blackhead Somali 
 
Similarly, study conducted at Debre Berhan agricultural research center showed that Menz 
ewes are superior to crossbreds in age at first lambing and lambing intervals. Between breed 
comparisons showed that purebred Menz ewes gave their first birth earlier (603.54 ± 8.4 days) 
than 50% Awassi X Menz crossbred ewes, which gave birth at the age of 681.59 ± 17.4 days 
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(DBARC, 2006). Regarding supplementation, supplemented ewes in general had their first 
lambs at earlier age than the un-supplemented. Ages at first lambing of purebred Menz ewes, 
both supplemented and un-supplemented were lower than their contemporaries Awassi x 
Menz crossbreds in the same treatment groups (DBARC, 2006). 
 
Reports of lambing interval of local sheep from field studies are highly variable and ranged 
from 223 to 336 and the variability is attributed due to the effect of season, parity, 
management and genotype (Mukasa-Mugerwa and Lahlou-Kassi, 1995).  The potential of 
Menz, Washera and other local breeds to give 3 lambing within 2 years was reported by many 
researchers (Tekelye et al., 1993; Mukasa-Mugerwa et al., 1994; Abebe, 1999). Litter size is 
largely influenced by ovulation rate and ovulation rate is substantially controlled by genotype 
and improvement could be achieved by selection. Litter size of Ethiopian sheep breeds like 
Menz and Afar sheep breeds is low (Beniam, 1992; Abebe, 1999) which is almost close to 
one lamb per lambing while breeds like Horro and Washera are more prolific with litter size 
of 1.35 and 1.2, respectively (FAO, 1991; Mengistie, 2008). 
 
2.10.2. Growth Performance   
 
Birth weight of lamb is influenced by genotype, sex of the lamb, type of birth, season of birth 
and dam age (Kasahun, 2000; Aden, 2003; Solomon, 2007). Markos (2006) reported that birth 
weight affects the survival rate and pre-weaning growth of the lamb. According to his report 
lambs born with lighter birth weight had high mortality rate. Lambs which are heavier at birth 
are usually singles or are those produced by ewes with larger body size and good feeding 
conditions. Lambs heavier at birth have fast growth capacity and have higher mature body 
weight (Kasahun, 2000). Birth weight, weaning weight at 90 days, six months and yearling 
weight of some sheep breeds are presented in Table 3. 
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Table 3. Birth, weaning, six months and yearling weight (kg) of some sheep breeds 
 
Breed Birth 
weight  
Weaning 
weight  
Six 
months 
weight  
Yearling 
weight  
 
Management  
Source 
Afar  2.97 13.4 - 25.5 On- station Benyam (1992) 
Afar 2.70 11.5 17.2 24.5 On- station Yebrah (2008) 
Afar  2.50 - - - On- station FAO (1991) 
Barbados 
Black Belly 
2.60 11.5 17.0 - On-station Solomon et al., 
(2006)b 
BHS 2.60 11.4 16.4 23.7 On- station Yebrah (2008) 
BHS 2.90 12.8 - 24.1 On- station Benyam (1992) 
Dorper 4.06 30.0 36.9 64.4 Extensive Snyman and 
Olivier (2002) 
Horro 2.60 9.4 11.8 18.9 On-station Ewnetu (1999) 
Horro 2.34 9.9 - 17.1 On- station Markos (2006) 
Horro 2.72 12.6 16.1 23.7 On-station Solomon (2002)a 
Menz  2.09 9.1 - 17.3 On- station Markos (2006) 
Menz  2.20 8.3 10.4 16.9 On- station Ewnetu (1999) 
Menz 2.40 8.3 12.2 16.4 On-farm Niftalem (1990) 
Menz  1.98 8.0 - - On-station DBARC (2006) 
Menz  2.07 9.01 - 15.5 On-station Solomon (2002)b 
Washera 2.83 13.3 19.6 - On-farm DBARC (2006) 
Yankasa 
(Nigeria) 
2-3.3 15.0 - - On-station Osuhor et al., 
(1996) 
BHS = Blackhead Somali 
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2.11. Linear Body Measurements 
Body measurements are considered as qualitative growth indicators which reflect the 
conformational changes occurring during the life span of animals. Body weight (kg) and some 
linear body measurements (cm) of some tropical sheep breeds are presented in Table 4. 
Although live body weight is an important growth and economic trait, it is not always 
possible to measure it due to mainly the lack of weighing scales, particularly in rural areas. 
However, body weight can be reasonably estimated from some linear body measurements 
(Thys and Hardouin, 1991; Ewnetu, 1999). According to former authors, body weight of 
sheep in north Cameroon has been satisfactorily predicted by using heart girth as the only 
regressor variable. Similarly Kasahun (2000) reported that for Menz and Horro sheep breeds 
body weight at 6, 9 and 12 months of age could be accurately estimated from heart girth 
measurements. Ewnetu (1999) reported that tail thickness and tail inner length had positive 
genetic association with efficiency of feed utilization and average daily weight gain. The 
author stated that tail thickness, tail circumference, tail inner length and tail volume have 
higher heritability estimates and suggested that these measurements might be useful in genetic 
indices aiming at genetic improvement of the animal energy reserve and thus adaptation to 
seasonal variation in quantity and quality of feed resource.   
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Table 4. Body weight and linear body measurements of some mature tropical sheep breeds 
 
Breed Sex BW (kg) Body measurements (cm) Source 
   WH BL CG  
Afar  Male 35.0 66.0 - - Galal, 1983 
 Female 29.0 61.0 - - Galal, 1983 
Afar Male 27.5 60.9 55.8 72.9 Sisay (2002) 
 Female 24.7 60.2 57.0 71.8 Sisay (2002) 
Bonga Male - 71.5 - 85.3 Solomon (2004) 
 Female - 64.3 - 72.5 Solomon (2004) 
CHS Male 29.4 64.7 61.3 73.8 Sisay (2002) 
 Female 24.6 61.7 58.2 71.6 Sisay (2002 
Gumuz Male 34.6 67.3 68.3 77.9 Solomon (2007) 
 Female 31.4 63.6 66.0 76.1 Solomon (2007) 
Horro Male 28.5 59.9 58.1 58.0 Markos et al., (2004 
 Female 24.7 67.3 65.4 67.2 Markos et al., (2004) 
Menz Male 30.4 - - - Agyemang et al. (1985) 
 Female 24.7 - - - Agyemang et al. (1985) 
Menz Male 21.6 - - - Abebe (1999) 
 Female 19.8 - - - Abebe (1999 
Menz Male 35-45 64.0 - - Galal (1983) 
 Female 25-30 58.0 - - Galal (1983) 
Menz Male 25.30 - - - Markos et al., (2004) 
Menz Female 23.20 63.9 61.9 66.9 Markos et al., (2004) 
Washera Male 31.40 69.3 65.1 74.8 Sisay (2002) 
 Female 29.50 68.4 65.2 75.4 Sisay (2002) 
BW = body weight, WH = wither height; BL = body length; CG = chest girth. CHS = Central 
Highland Sheep 
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2.12. Research Gap and Hypothesis 
 
Community-based sheep breeding as stated by (Sölkner et al., 1998; Kosgey et al, 2006) 
requires full description of the existing environment, the current level of productivity, 
selection criteria of sheep keepers, available indigenous knowledge and breeding practices, 
and full participation of farmers/pastoralist from the beginning. Sheep breed characterization 
and genetic improvement works on Menz and Afar sheep breeds conducted so far were 
limited to on-station management (Solomon, 2002b; Yibrah, 2008). Evaluation of Afar sheep 
breed under pastoral management system is totally lacking.  Whereas, few works were 
conducted on evaluation of Menz sheep breed and its production system in the Highlands of 
North Shewa (Agyemang et al. 1985; Abebe, 1999). Even though these few works were able 
to provide information on husbandry practice and productivity of Menz sheep under 
smallholder management system they lacked to describe the morphological characters of the 
breed, definition of breeding objectives, selection criteria of preference traits used by sheep 
owners, existing breeding herding and breeding practices. Furthermore, updating of the 
previous results is vital since genetic resources and production systems are not static, routine 
inventories and on-going monitoring is needed (Sölkner et al., 1998).  Thus more 
comprehensive information specific to community-based sheep breeding should be made 
available. And these were the basis for the present study.  
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3. MATERIALS AND METHODS 
 
 
3.1. Description of the Study Area 
 
3.1.1. Menz  
 
Menz is one of the former provinces in north Shewa administrative zone. Currently Menz area 
is divided into four Woredas namely; Menz Gera Mider, Menz Mama Mider, Menz Keya 
Gebriel and Menz Lallo Mider. In Menz area the survey included two woredas (districts) 
namely, Menz Gera and Menz Mamma. These districts were selected based on their potential 
for sheep production and the areas believed to be the main habitat of Menz sheep breed 
(Markos, 2006). The area is located at an altitude above 2800 meters above sea level and 
about 280 km north of Addis Ababa. The area is characterized by bi-modal rainfall with main 
rainy season (June to September) and erratic and unreliable short rainy season (February to 
March). Based on the meteorological data obtained from Debre Berhan Agricultural Research 
Centre from the year 1985 to 2005, the annual rainfall at Mehal Meda town (the capital of the 
Menz Gera woreda) was about 900 mm and the minimum and maximum average 
temperatures were 6.8 oC and 17.6 oC, respectively. The cool highland parts of Menz are 
believed to be the main habitat of Menz sheep. The potential of the area for sheep production 
is documented (MOA, 1998; Abebe, 1999). 
 
Based on figures published by the Central Statistical Agency (CSA, 2005), the Menz area has 
an estimated total human population of 324,705 and 93.7% of its population lives in rural 
areas which is higher than the zone average of 89.2%. With an estimated area of 2,689.38 
square kilometers, the Menz area has an estimated population density of 120.7 people per 
square kilometer, which is less than the zone average of 134.37.  
 
About 98% of the population in the area depends on agriculture. The farming system of the 
study area is largely characterized by mixed crop-livestock production system. Crop 
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production is limited due to severe frost, poor soil fertility and unreliable rainfall. Thus, the 
area is characterized as one of the drought prone areas of the Amhara National Regional State. 
 
 3.1.2. Afar 
 
The major area of Afar region is classified under hot to warm arid plains (A-1) agro-ecology. 
Pastoral production system is practiced in most parts of the Afar region. Crop cultivation is 
rarely practiced along the Awash River. The area has extremely variable and erratic rainfall 
(MOA, 1998). In Afar area the survey was conducted in Amibara woreda, part of zone 3 of 
the Afar National Regional State located at about 250 km east of Addis Ababa on the highway 
from Addis Ababa to Djibouti. This woreda selected as it believed to be the origin of Afar 
sheep breed (Galal, 1983) and the availability of Melka Worer Agricultural Research in the 
woreda has established good relationship with the pastoralists and this helped to facilitate the 
current study and future designing and implementing sheep breeding program. The study was 
conducted at altitude ranges from 750 to 812 meters above sea level. Based on the 
meteorological data from Werer Research Centre from the year 1965 to 2006, the annual 
rainfall is 588 mm and average daily temperature is about 27.6 oC with a maximum 
approaching 38 oC in June and a minimum of 15.4 oC in November. Based on figures 
published by the  Central Statistics Authority (CSA, 2005), the Amibara woreda has an 
estimated total human population of 54,190, of which 23,982 were males and 30,208 were 
females; 47.6% of its population live in rural areas, which is less than the average of zone 3 of 
the Afar region (62.2%). 
 
3.2. Selection of the Study Sites 
 
A rapid field survey was conducted by a team of researchers and by the respective Woreda 
Agricultural Office professionals in each of Menz and Afar areas to locate appropriate sites 
for the establishment of community-based sheep breeding program. Two kebeles in Menz 
area (Sina Amba and Yecha) and three kebeles in Afar area (Ambash, Hallidegi and Awash 
Arba) were selected based on their suitability for sheep production, influence of 
crossbreeding, market and road access and willingness of the farmers or pastoralists to 
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participate in the program. A total of 228 households (120 in Menz and 108 in Afar area) 
were randomly sampled for the interview from within the selected and surrounding kebeles 
having similar production system. For body linear measurements a total of 1621 female (873 
in Menz area and 748 in Afar area) 369 male (313 in Menz  and 56 in Afar area) sheep were 
selected within approximately 50 km radius encompassing the selected sites at the center. 
Geographical location of the study areas are indicated in Figure 1. 
 
 
Figure 1. Map of the study areas 
 
3.3. Methods of Data Collection 
 
Data were generated by administrating a structured questionnaire, employing field 
measurements, organizing group discussion and from secondary sources. 
 
 
 
Amibara 
Menz area 
Dulecha 
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Jama 
Kewet  
Mieso 
Moretna Jiru 
High: 3563 
 
  
Low: 1466 
Menz Elevation   
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Low: 565 
Amibara Elevation   
Efratana Gidim 
Mafud Mezezo 
Mojana Wodera 
Simurobi Gele’alo  
Gishe rabel 
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3.3.1. Questionnaire and group discussion 
 
A modified questionnaire was prepared (Appendix Table C) by adopting a questionnaire 
prepared by ILRI (International Livestock Research Institute)-OADB (Oromiya Agricultural 
Development Bureau) for survey of livestock breeds in Oromiya (Workneh and Rowlands, 
2004). The questionnaire was pre-tested before administration and some re-arrangement, 
reframing and correcting in accordance with respondent perception were done. The 
questionnaire was administered to the randomly selected household heads or representatives 
by a team of enumerators recruited and trained for the purpose with close supervision by the 
researcher. Based on the questionnaire the following information were captured: 
1. Socio economic characters like sex, age, education level, household size, livestock 
possession, economic benefit of sheep and major production constraints; 
2. Reproductive performances like age at first puberty, lambing interval, litter size 
(number of lambs born per ewe per lambing) and lambing pattern. 
3. Breeding practices like mating type, sheep production objectives, selection criteria, 
culling age and castration practices.  
4. Feed situation, like major feed sources, supplementation, grazing method and water 
source   
5. Major diseases of sheep in the area 
6. Adaptability of different species of livestock in their respective environment 
7. Routine husbandry practices like access for sheep extension, housing and so on; 
8. Shearing practices like frequency of shearing, color preference and fleece price for 
Menz breed; and  
9. Milking practices like frequency and milk yield for Afar breed. 
Both farmers and pastoralists were not volunteer to tell the exact number of livestock they 
possess because of their fear that the information might be used for the purpose of returning 
the loan they took from the government and cultural belief that their animal might be sick or 
die if they tell the exact livestock number. Thus data on livestock possession were collected 
from 68 households in Menz and 60 pastoralists in Afar area by counting directly on the field.   
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Focused group discussions were held with elderly farmers and pastoralists in both Menz and 
Afar areas. The group was composed of youngsters, women sheep owners, village leaders and 
socially respected individuals who are known to have better knowledge on the present and 
past social and economic status of the area. Discussions were focused on the history of the 
breed, utility pattern of the breed, current status and major constraints of the breed, special 
distinguished feature of the breed, production system, social laws like availability of 
communal land and its utilization, indigenous knowledge on management of breeding, 
husbandry practices and their perception about their indigenous breed and other exotic or 
neighboring indigenous sheep breeds using a prepared check list (Appendix Table D). 
Climatic data on temperature and rainfall; geographical location, and human and livestock 
demography were collected from the respective Woreda Office of Agriculture and Rural 
Development and from the Debre Berhan and Werer Agricultural Research Centers. In Afar 
area pastoralists classified a year into 4 traditional seasons; Gillal (October to February), 
Sugum (short rainy season from March to April), Hagaya (May to June) and Kerma (main 
rainy season usually July to September). Thus information related to season in Afar area was 
obtained based on this classification rather than months.  
 
 3.3.2. Field measurements 
 
Morphological characters (qualitative) and body measurements (quantitative) were collected 
from a total of 1990 sheep (369 male and 1621 females) for the two breeds (Table 5). Data 
were recorded on the prepared format (Appendix Table 1) adopted from the standard 
description list developed by FAO (1986) and of ILRI-OADB breed descriptor list (Workneh 
and Rowlands, 2004). 
Each experimental animal was identified by sex, site, flock number and estimated age group. 
Adult sheep were classified into five age groups; no pair of permanent incisor (0 PPI), 1 PPI, 
2 PPI, 3 PPI and 4 PPI to represent age of less than 15 months, 15.5 to 22.0 months, 22.5 to 
27.0 months, 28.0 to 38 months and above 39.0 months, respectively based on the finding of 
Wilson and Durkin (1984) for African sheep breed. Body weight increased at higher rate till 2 
PPI and then after body weight increased at lower rate. The age of the sheep at which the 
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body weight change become maximum (at about 2 PPI) was obtained from the quadratic 
equation using body weight change of each breed as response variable and dentition class as 
explanatory variable. Thus for the analysis of least square means, correlation and regression 
sheep were classified into 3 age groups; youngest (0 PPI = less than 15 months), intermediate 
(1 PPI = 15.5 to 22.0 months) and oldest (2 and above PPI = above 22.5 months). 
Morphological characters like: coat color pattern, coat color type, hair type, head profile, ears, 
wattle, horn, ruff and tail were observed. The attribute and code of morphological characters 
are described in Appendix Table 2. Body measurements: Chest Girth (CG), Body Length 
(BL), Wither Height (WH), Pelvic Width (PW), Ear Length (EL), and Horn Length (HL), Tail 
Length (TL), Tail Circumference (TC) and Scrotum circumference (SC) were measured using 
tailors measuring tape while  weight was measured using suspended spring balance having 50 
kg capacity with 0.2 kg precision. The definition and way of measurement are described in 
Appendix Table 3.  Body Condition (BC) scoring was done subjectively using scoring from 1 
(emaciated) to 5 (obese or extremely fat). Full description of scoring is indicated in Appendix 
Table 4. 
Table 5. Total number of households and animals observed for the study 
 
Breed/area Total number of animals Household  
Adult female Adult male 
Menz 873 313 120 
Afar 748 56 108 
  
3.4. Data Management and Analysis 
 
Data collected from each site were coded and entered into the computer for further analysis. 
Data collected through questionnaire were entered into Statistical Package for Social Sciences 
(SPSS 13.0 for windows, release 13.0, 2004). Morphological and quantitative data were 
entered into Microsoft EXCEL, 2007 software. Preliminary data analysis like homogeneity 
  
27 
 
test, normality test and screening of outliers were employed before conducting the main data 
analysis. 
 
3.4.1. Questionnaire data 
Data analysis was done separately for the two breeds. Data collected through questionnaire 
were described by descriptive statistics using Statistical Package for Social Sciences (SPSS 
13.0 for windows, release 13.0, 2004).  Chi-square or t-test was employed when required to 
test the independence of categories or to assess the statistical significance.  Indices were 
calculated to provide ranking of the reasons of keeping sheep, selection criteria, and 
contribution of different farming activity to the family food and income and so on. Index was 
calculated as Index = Sum of (3 X number of household ranked first + 2 X number of 
household ranked second + 1 X number of household ranked third) given for an individual 
reason, criteria or preference divided by the sum of (3 X number of household ranked first + 2 
X number of household ranked second + 1 X number of household ranked third) for overall 
reasons, criteria or preferences.  
Effective population size for a randomly mated population was calculated as Ne = (4Nm Nf) / 
(Nm + Nf) Where, Ne = effective population size, Nm = number of breeding males and Nf = 
number of breeding females. The rate of inbreeding coefficient (∆F) was calculated from Ne 
as ∆F = 1/2Ne (Falconer and Mackay, 1996). 
3.4.2. Morphological and body measurement data 
Data collected on morphological characters, body weight and other body measurements were 
analyzed separately for each breed. Observations on morphological characters were analyzed 
for male and female sheep within breed using frequency procedure of s\Statistical Analysis 
System (SAS, release 9.1, 2003). Quantitative characters (body weight and linear body 
measurements) were analyzed using the Generalized Linear Model (GLM) procedures of the 
Statistical Analysis System (SAS, release 9.1, 2003). For adult animals, sex and age group of 
the experimental sheep were fitted as fixed independent variables while body weight and 
linear body measurements except scrotum circumference and horn length were fitted as 
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dependent variables. Scrotum circumference was analyzed for each breed by fitting age group 
as fixed factor. Horn was specific character of male Menz sheep only so that analysis of horn 
length was employed for male Menz sheep only by fitting age group as fixed factor. When 
analysis of variance declares significance, least square means were separated using adjusted 
Tukey-Kramer test.  
Model to analyze adult body weight and other linear body measurements except scrotum 
circumference and horn length was: 
Yijk = µ + Ai + Sj (AS)ij+ eijk 
Where:  Yijk = the observed k (body weight or linear body measurements except scrotum 
circumference and horn length) in the ith age group and jth sex of  
                µ = overall mean 
   Ai = the effect of ith age group (i = 0, 1 and 2) 
   Sj = the effect of jth sex (j= intact male and female) 
   (AS)ij  = the effect  of interaction of  i of age group with j of sex 
   eijk = random residual error 
Model to analyze the scrotum circumference and horn length were: 
Yij = µ + Ai + eij 
Where:  Yij = the observed j (scrotum circumference or horn length) in the ith age group 
  µ = overall mean 
 Ai = the effect of ith age group (i = 0, 1 and 2) 
 eij = random residual error 
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Pearson's correlation coefficients for each breed were estimated between body weight and 
other body measurements within sex and age group (SAS, Release 9.1, 2003). Body weight 
and other body measurements: Chest Girth (CG), Body Length (BL), Wither Height (WH), 
Pelvic Width (PW), Ear Length (EL), and Horn Length (HL), Tail Length (TL), Body 
Condition (BC), Tail Circumference (TC) and Scrotum Circumference (SC) were included for 
males whereas Scrotum circumference (SC) was excluded for the analysis of female sheep. 
Among the above measurements BL, WH, CG, TL, BC, TC and SC (for male only) were 
selected based on their strong correlation with body weight, then body weight was regressed 
on the body measurements (BL, WH, CG, TL, BC, TC and SC) for males within each age 
group using stepwise regression procedure of SAS (SAS, release 9.1, 2003) to determine the 
best fitted regression equation for the prediction of body weight from body measurements. 
Similar stepwise regression was also employed for females within each age group by 
excluding SC from the model.  Best fitted models were selected based on coefficient of 
determination (R2), R2 change, mean square error and simplicity of measurement under field 
condition. The following models were used for the analysis of multiple linear regressions. 
 
For male: 
77 XXβXβXβXβXβXβΥ 655442j 633211 βα +++++++= + ej 
Where:  
Yj = the response variable; body weight 
α = the intercept 
 X1, X2, X3, X4, X5, X6 and X7 are the explanatory variables body length, height at wither,  
      chest girth, tail length, tail circumference, scrotal circumference and body condition,  
      respectively. 
β1 , 7,, β...β2  is regression coefficient of the variables 7XX1,X2,...,  
 ej = the residual random error 
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For female:  
655442j XβXβXβXβXβXβΥ 633211 ++++++= α + ej 
Where: 
Yj = the dependent variable body weight 
α = the intercept 
X1, X2, X3, X4, X5 and X6 are the independent variables; body length, height at wither, chest  
       girth, tail length, tail circumference and body condition, respectively 
β1 , 6,, β...β2  is regression coefficient of the variable 6XX1,X2,...,  
      ej = the residual random error  
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4. RESULTS AND DISCUSSION 
 
 
4.1. General Household Information 
 
Two hundred and twenty-eight (120 small holder f armers in Menz area and 108 pastoralists 
in Afar area) were interviewed for the household survey. Sex, age structure and education 
background of the respondents are presented in Table 6.  
 
Table 6.  Number and percentage of households per sex, education background and age group 
of the household head in crop-livestock and pastoral systems 
 
 
Factors and levels 
Production system    
Test 
Crop-livestock  Pastoral 
N %  N %  X2 p-value 
Sex       0.8 0.372 
Male  107 89.2  100 92.6    
Female  13 10.8  8 7.4    
Education       100.5 <0.001 
Illiterate  40 33.3  105 97.2    
Reading and writing 37 30.8  1 0.9    
Literate  43 35.8  2 1.9    
Age (year)       9.0 0.061 
<30 22 18.6  35 33.7    
31-40 39 33.1  35 33.7    
41-50 25 21.2  17 16.3    
51-60 19 16.1  12 11.5    
>60 13 11.0  5 4.8    
Illiterate = unable to read and write; Literate = having formal education of grade 4 or above. 
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The survey revealed that the majority of the households in both production systems were 
headed by males which accounted for 89.2% in crop-livestock (Menz) and 92.6% in pastoral 
production system (Afar). The remaining proportion of the households was headed by 
females. Female headed household in this particular study would indicate either the husband 
has died or they are divorce. About 35.9% of household heads in Menz were literate (grade 4-
10), 30.8% were able to read and write either from religious school or from adult education 
and the remaining 33.3% of the smallholders farmers in Menz area were illiterate. The 
majorities (97.2%) of the household heads in Afar were illiterates, 1.9% of them were able to 
read and write and the remaining few proportions (0.9%) were literate. Thus, better 
educational background obtained in Menz smallholder farmers might be a good potential for 
adoption of improved technologies and facilitate performance and pedigree recording (Holst, 
1999; Kosgey and Okeyo, 2007). It is also mandatory to consider upgrading of the education 
status of pastoralists for the successfulness of sheep breeding strategies and other 
development interventions.  
 
Mean (standard deviation) age of household head at Menz and Afar was 43.2 (13.09) and 39.1 
(12.78) years, respectively. Age of the household’s head was significantly (P<0.01) higher in 
Menz than Afar but there was no significant association between farming system and age 
category (X2 =, P>0.05). Average household size was 5.97 in Menz crop-livestock and 6.24 in 
Afar pastoral production system. It was significantly (p<0.01) higher in Afar than in Menz.  
 
4.2. Farming Activities 
 
All of the interviewed farmers keeping Menz sheep indicated that they practiced both crop 
and livestock production. Average land holding of farmers in Menz area was 1.10 hectare of 
which 0.28 hectare is for grazing land indicating that only a quarter of the total land was used 
for grazing. Out of the total crop land about 64% was used for main season cropping and the 
remaining 36% was used for short rain cropping. In Menz area farmers grow wheat, bean, 
barley, pea, lentil, grass pea, chick pea and rarely linseed and fenugreek. Among these crops 
wheat, bean and barley were the major crops during the main rainy season in their order with 
area coverage of 37%, 34% and 21%, respectively. The remaining percentage was for other 
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crops. During the short rainy season barley was the predominant crop which covers about 
74% of the area followed by wheat and lentil with coverage of 14% and 12%, respectively. 
Land holding pattern in Afar pastoralists was communal. Most of the Afar sheep owner’s 
indicated that crop cultivation was not common except for about 37% of the pastoralists in 
Afar area who reported that they practiced some crop farming (mainly cotton and vegetables) 
along the Awash River.  
 
Menz farmers hold cattle, sheep, donkey, horse, mule, goat and poultry along with crop 
production. Ranking of major farming activities for their contribution to food and income of 
the family by Menz farmers and Afar pastoralists are presented in Table 7. In Menz area crop 
received a higher ranking with index of 0.57 followed by sheep and cattle with index of 0.30 
and 0.13, respectively for family food. Whereas for income generation sheep contributed 
more than any other farming activities with a total index of 0.63 followed by cattle with index 
of 0.29. The contribution of crop for the family income was small (index = 0.08), even many 
farmers reported that they depend on purchased grains. As has been alluded to, pastoralists in 
Afar area depend almost entirely on livestock as means of income and food source for the 
family. In Afar area goat contributed the largest proportion for food and for income followed 
by cattle, sheep and camel in that order. The contribution of sheep (in Menz area) and sheep 
and goat (in Afar area) for the family income obtained in this study was much higher than a 
previous report (Solomon et al., 2005), which reported that sheep and goat contributed 29% of 
the farm cash income in East Wellega and West Shewa. The highest contribution of sheep in 
Menz area; and goat and sheep in Afar area to food and income of the family for 
smallholders/pastoralists indicated that the area is in favor of sheep and goat than larger 
animals and crop production. Abebe (1999) also indicated that the relative suitability of Menz 
area for sheep production.  
 
 
 
 
 
  
34 
 
Table 7. Importance of major farming activities for the supply of food and income to the 
family in mixed crop-livestock and pastoral systems 
 
 
Importance 
and species 
Production system 
Crop-livestock  Pastoral 
Rank 
1st  
Rank 
2nd  
Rank 
3rd  
Index  Rank 
1st  
Rank 
2nd  
Rank 
3rd  
Index 
For food          
Sheep 35 14 1 0.30  5 46 26 0.24 
Cattle 5 15 13 0.13  23 16 42 0.25 
Crop  78 2 17 0.57  - - - - 
Goat  - - - -  73 21 6 0.47 
Camel  - - - -  1 4 9 0.04 
For Income          
Sheep 90 11 0 0.63  10 48 13 0.20 
Cattle 26 27 7 0.29  10 29 55 0.24 
Crop  1 5 22 0.08  - - - - 
Goat  - - - -  55 17 24 0.37 
Camel  - - - -  27 3 2 0.15 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) given for each species of each production system divided by sum of (3 
X number of household ranked first + 2 X number of household ranked second + 1 X number of household 
ranked third) for all species for a production system. 
 
4.3. Herd Size and Species Composition 
 
Average flock size and livestock composition are presented in Table 8. Total livestock 
holding per household in the pastoral system was higher (96.0) than smallholder farmers in 
Menz area (37.0). Whereas sheep flock size was 31.6 (range of 7 to 69) in Menz and 23.0 
(range of 5 to 80) in Afar pastoral system. The population and productivity of sheep in Afar 
pastoral system is decreasing from time to time due to the invasion of an invading fast 
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growing tree called Prosopis juliflora. This tree reduced the grazing land and cattle and sheep 
were relatively more affected than goat and camel because of their feeding habit.  
 
Table 8. Average flock size and composition of livestock in Menz and Afar area 
 
Site and species N Mean flock size % SD Range 
Menz      
 Cattle  68 3.66 9.85 1.93 0-10 
 Sheep  68 31.45 84.81 15.15 7-69 
 Goat  68 0.57 1.54 1.39 0-9 
 Donkey 68 1.02 2.75 0.74 0-3 
 Mules  68 0.14 0.38 0.35 0-1 
 Horse  68 0.25 0.67 0.52 0-2 
Afar      
 Cattle  60 20.74 21.55 22.45 0-170 
 Sheep  60 23.00 23.92 16.50 5-80 
 Goat  60 39.70 41.26 17.75 13-100 
 Camels  60 11.73 12.19 17.14 0-100 
 Donkey 60 1.04 1.08 1.33 0-6 
 Mules  60 0.01 0.00 0.096 0-1 
N = number of observation, SD = standard deviation 
 
Sheep were the predominant species in Menz area (accounted for 84.81%) followed by cattle 
(9.85%). The dominancy of sheep composition followed by cattle recorded in Menz area was 
in agreement with previous studies (Agyemang et al, 1985; Abebe, 1999). Goats were found 
in larger proportion in Afar area followed by sheep, cattle, camel and donkey with proportion 
of 41.26%, 23.92%, 21.55%, 12.19% and 1.08%, respectively. The predominance of sheep in 
Menz and goat and sheep in Afar area might be because of the fact that highly degraded areas 
could not support crop production as well as maintain larger animals like cattle. Additionally, 
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subsistence farmers prefer small stock as the risk of large animal dying and leaving family 
without anything is too dangerous (Sölkner, et al., 1998).  
 
Many reports on sheep flock size other than the two extreme environments (cool highland and 
arid lowland) of the country are in a range from 2.9 to 9.6 (Solomon et al., 2005; Takele, 
2005; Solomon, 2007; Tsedeke, 2007; Mengistie, 2008). In the lowlands, larger flock size of 
16.0 for Gumuz sheep and 19.2 for Blackhead Somali sheep were reported by Solomon 
(2007) and Fekerte (2008), respectively. Similarly larger flock size of 24 was reported for 
Menz sheep in the cool highlands of Ethiopian (Abebe, 1999). The result obtained in this 
study and previous reports on sheep flock size showed that sheep flock size gets higher when 
we go to the cool highlands and the lower arid areas from the mid altitude areas. This might 
be due to the highly degraded and hot area could not support crop production as well as large 
ruminants like cattle (Markos, 2006; Rancourt et al., 2006). The relatively larger sheep flock 
size, compared with other parts of the country, obtained in this study indicated that the area 
favors sheep (Markos, 2006) and shows higher dependency of farmers/pastoralist on sheep 
(Verbeek et al., 2007) implying the higher chance of success and acceptance of village level 
sheep breeding strategy if planned carefully.  
 
Sheep flock size in different districts within each production system is presented in Table 9. 
Sheep flock size was significantly affected by location within the production system. In Menz 
area, sheep flock size was significantly (p<0.01) higher at Menz Gera than Menz Mamma 
woreda. In Afar pastoral system, Awash Araba and Hallidegi kebeles had significantly 
(p<0.01) larger flock size than Ambash kebele. Relative difficulty of crop production in Menz 
Gera might be the possible reason for higher sheep flock size in this area than the Menz 
Mama. Whereas, the relatively higher encroachment of the grass land by the highly invading 
tree Prosopis juliflora in Ambash kebele could be the possible reason for low sheep flock size 
in Ambash kebeles of Amibara woreda. 
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Table 9. Least square means and standard errors of sheep flock size in different kebeles of 
crop-livestock and pastoral system 
 
 
Production system and location 
 
N 
 
LSM±SE 
 
Range 
Crop-livestock  **  
Lallo Mamma 36 26.3±2.37a 9-63 
Menz Gera 32 37.3±2.52b 7-69 
Pastoral  **  
Ambash 22 15.1±3.27a 5-60 
Hallidegi 25 25.1±3.07b 6-60 
Awash Arba 13 32.5±4.23c 12-80 
N = Number of observation; LSM = Least squares mean; SE = standard error. Means with the same letter 
within the same column and production system are statistically the same. ** Significant at p<0.01. 
 
4.4. Sheep Flock Structure   
 
Flock structure of Menz and Afar sheep breeds is presented in Table 10. The mean ± standard 
deviation of flock size of Menz sheep flock was 6.3 ± 4.22 lambs (both male and female of 
less than 6 months), 3.0 ± 2.04 ram lambs (males from 6 to 12 months), 4.5 ± 2.81 ewe 
lambs (females from 6 to 12 months), 1.8 ± 1.24 breeding rams (males above 12 months), 
14.7 ± 8.56 breeding ewe (females above 12 months) and 1.2 ± 1.32 castrated males. The 
corresponding values for pastoralists were 5.43 ± 4.70, 1.25 ± 0.86, 4.17 ± 4.00, 0.65 ± 0.82, 
11.32 ± 7.84 and 0.18 ± 0.66, respectively.  
 
The breeding ewes take a major portion (46.8%) in Menz followed by lambs (19.2%) and ewe 
lambs (14.3%). Similarly, in Afar pastoral system breeding ewes were dominant (49.2%) 
followed by lambs (23.6) and ewe lambs (18.1). Larger proportion of breeding ewe obtained 
in this study was comparable with previous results reported which ranged from 41.4% to 49% 
for Menz sheep (Agyemang et al., 1985; Niftalem, 1990; Abebe, 1999). Larger proportion of 
breeding ewes in both systems would imply the production of larger number of lambs which 
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in turn might increase the intensity of selection. The proportion of breeding rams and castrates 
in Menz area were 5.65% and 3.92%, respectively. In Afar sheep flock the proportion of 
breeding rams and castrates were relatively lower, 2.83% and 0.80%, respectively. The ratio 
of breeding ram to ewe was 1:8.3 and 1:17.4 in Menz and Afar sheep flocks, respectively. The 
breeding ram to ewe ratio obtained for Menz sheep in this study was comparable with 
previous report 1:7.5 for Menz sheep and 1:6.7 for Gumuz sheep reported by Abebe (1999) 
and Solomon (2007), respectively and which was higher than male to female ratio of 1:12 
obtained for Horro sheep in East Wellega and West Shewa (Solomon, et al., 2005). Male to 
female ratio for Afar sheep breed obtained in this study was lower than all of the above 
reports. 
 
Table 10. Flock structure of Menz (N = 74) and Afar (N = 68) sheep flock 
 
 
Class of sheep 
Production system 
Crop-livestock  Pastoral 
Mean %  Mean % 
Lambs 6.30 (4.22) 19.90  5.43 (4.70) 23.62 
Ram lambs 3.00 (2.04) 9.48  1.25 (0.86) 5.43 
Ewe lambs 4.49 (2.81) 14.25  4.17 (4.00) 18.12 
Breeding ram 1.78 (1.24) 5.65  0.65 (0.82) 2.83 
Breeding ewe 14.74 (8.56) 46.80  11.32 (7.84) 49.20 
Castrates 1.24 (1.32) 3.92  0.18 (0.60) 0.80 
 
The proportion of intact male, castrated male and females with in each dentition class for 
Menz and Afar sheep flocks are presented in Figure 2 and 3, respectively. Generally, the 
proportion of intact males was higher in Menz flock at dentition class 0, 1 and 2 Pairs of 
Permanent Incisors (PPI) than in Afar sheep flock. At milk tooth stage (dentition class 0 PPI) 
male: female ratio was 40:59 and decreased as the age increased to maturity (4 PPI). Whereas 
in Afar sheep flock proportion of intact male to female was lower (21:89) than obtained in 
Menz at milk tooth stage (0 PPI) and further decreased to 3:94 as the age increased to 2 pairs 
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of permanent incisor and remain constant then after. Castration was started at the age when 
rams had 1 PPI and largest proportion of castrated ram were obtained at dentition class of 2 
PPI in both Menz and Afar sheep flock though higher proportion of castrated male to the total 
flock was obtained in Menz than in Afar sheep flock. This showed that Menz farmers gave 
more attention for castration than Afar pastoralists.  
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Figure 2. Flock structure of Menz sheep flock by sex and age group 
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Figure 3. Flock structure of Afar sheep flock by sex and age group 
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4.5. Herding Practice and Migration 
 
In Menz area, all classes of the sheep are herded together during the day time though new 
born lambs were managed separately for some days near the house. The percentage of 
households mixing their sheep flock with other species and other sheep flocks within a village 
in crop-livestock and pastoral production systems are presented in Table 11. 
 
Table 11. Percentage of households mixing their sheep flock with other species and other 
sheep flocks within a village in crop-livestock and pastoral production systems 
 
 
Sheep herding/mixing 
Production system 
Crop-livestock  Pastoral 
N %  N % 
With other species     
      Herded with cattle, equine and goat 120 44.1  - - 
Herded separately 120 41.7  - - 
Separately and with cattle, equine and goat 120 14.2  - - 
Herded with goat - -  106 100.0 
Mixing with other sheep flock      
During the rainy season  119 62.5  105 64.8 
After the rainy season  120 14.7  - - 
During crop harvesting time  119 11.8  - - 
Dry season after crop aftermath was picked up 120 81.7  107 33.6 
 
About 44.1% of the sheep owners in Menz area keep sheep with other species (cattle, equine 
and goat), 41.7% keep sheep separately and about 14.2% of the farmers keep them some 
times separately and other times by mixing with other livestock species depending on the 
availability of labor. Because of their feed habit farmers prefer to manage sheep separately but 
shortage of labor forced them to keep them with other livestock. In pastoral areas sheep were 
grazed with goat through out the year. Almost all the pastoralists separate lambs from the 
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flock to prevent suckling during the lactation period of the ewe. Otherwise all classes of sheep 
are herded together during the day time.  
 
In both smallholder farmer and pastoral systems each sheep flock of a household had their 
own herder usually children with possibility of mixing with other adjacent sheep flocks within 
a village. In Menz area, at the beginning of the main rainy season usually on the 12th July 
locally known as ‘Hamle Abo’, animals are restricted to graze on private pasture land till the 
grown pasture is grazed or harvested by the landholder. In this area, during the rainy season 
sheep of the surrounding farmers graze on communal uplands known locally as ‘serege’. This 
land could be stony and locally known as ‘korakor’ and/or having very shallow soil depth 
locally known as ‘set lib’. During this rainy season 62.5% of the sheep owners stated that 
their sheep flock had a possibility of mixing with 6.8 flocks of sheep. Immediately after the 
rainy season (September to November) and during crop harvesting time (November to 
January) more than 85% of the smallholder farmers in Menz area herd their sheep on their 
private land in order to exploit natural pasture grown by the rain and crop aftermath. Figure 4 
shows sheep herding system during crop harvesting season.  
 
After the crop aftermath was picked from the cultivated land, sheep are free to graze 
everywhere and nearly 82% of smallholder farmers in Menz area stated that their sheep flock 
had a possibility of mixing on average with 8.4 sheep flocks within the village. During this 
time sheep herders (children) were playing together leaving their sheep on the grazing field. 
As shown in Figure 5, sheep of the same flock (smaller circles enclosed by larger circles) 
clustered together with a possibility of mixing with adjacent flocks within a village (larger 
circles) and there is less chance of mixing flock among villages.  
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Figure 4. Sheep herding in Menz area during crop harvesting time: A flock of sheep fed on 
crop aftermath 
 
 
Figure 5. Sheep herding system in Menz area after crop harvest to the rainy season 
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Mobility is practiced by the entire interviewed transhumant pastoralists in search of feed and 
water for their animals. Mobility time, place and which species of livestock to move were 
determined by tribe leaders after careful assessment of the new area. Pastoralists settled in a 
village were usually relatives and they moved and settled together at the new place.  
 
In Afar pastoral system, grazing land is used communally throughout the year. During the 
main rainy season (locally known as ‘Kerma’), animals graze on the relatively uplands and 
64.8% of the pastoralists stated that their flocks had a possibility of mixing on average with 
4.5 flocks. Immediately after cotton crop has harvested (usually on November), pastoralists 
migrate with their animals to the cotton farms (near Awash river) in order to pick the cotton 
crop aftermath. They stay there until the cotton aftermath is depleted, which is usually up to 
the end of January. Then large animals (cattle and camel) are moved to the Hallidegi plain (a 
vast grassland) while small ruminants move near the Awash river to feed on pods and leaves 
of trees until short rainy season, locally known as ’Sugum’.  When ‘Sugum’ comes small 
ruminant are moved to the Hallidegi plain and stay there till the main rain ‘Kerma’ comes 
otherwise small ruminants stayed near the Awash river till ‘Kerma’. Figure 6 shows sheep 
herding during the dry season in Afar area. During this dry season, only 33.6% of the 
pastoralists reported that their sheep flock mix with others flocks. During ‘Kerma’ all animals 
are again moved to the upland wet season grazing land.  
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Figure 6. Sheep and goat herding during the dry season in Afar pastoral system 
 
4.6. Castration 
 
Majority of the Menz (96.7%) and Afar (97.2%) sheep owners practiced castration. About 
97.4% of the Menz sheep owners and the entire Afar sheep owners use traditional castration 
method to castrate their sheep. Menz sheep owners reported that they crash the vas deference 
using rounded stone locally known as ‘allelo’ while the Afar sheep owners castrate using a 
bend wood (Appendix Figure 1) locally known as ‘hada‘. Menz and Afar rams were castrated 
at age of 1.7 and 1.5 years, respectively. Keeping castrated sheep for extended period of time 
1.9 years (range of 0.25 to 5 years) and 3.1 years (range of 1 to 6 years) for Menz and Afar 
sheep breeds, respectively were reported. Keeping castrated sheep for prolonged period of 
time could not be profitable so that shortening the fattening period of castrated sheep using 
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supplementary feed might be considered in order to increase the return obtained from the 
sheep farm. 
 
The purpose of castration varies between the two production systems. Menz farmers gave 
more attention for fattening while the Afar pastoralists castrate from breeding point of view. 
Reasons of castration for Menz sheep owners were to improve fattening (61.1%), to avoid 
unnecessary mating (15.0%), to improve the fattening potential and behavior of the ram 
(14.2%) and for all of the above reasons (9.7%). Reasons of castration for Afar sheep owners 
were to avoid unnecessary mating and improve fattening (30.6%), to improve fattening only 
(30.8%), to avoid unnecessary mating only (10.6%), to improve ram behavior (2.9%) and for 
all of the above cases (23.1%). In Menz area when the aim was to sell at higher price after 
fattening; fast growth, bigger size, good conformation, large and wide tail, horned, 
straightness and lengthy at the back are important traits considered for castration 
 
The majority of farmers (86.7%) and pastoralists (76.7%) castrate their sheep towards the end 
of the main rainy season. Their reasons were better availability of feed and water for the 
94.5% of the Menz sheep owners and for all of the Afar sheep owners. While the rest 5.5% of 
farmers in Menz area prefer this season to adjust for the Christmas and the Ethiopian Easter 
market in addition to the availability of feed and water. 
 
Most of the Menz sheep owners (90.4%) provide supplementary feed for castrated animals 
from about 3 months to more than 3 years with irregular pattern and amount. However, only 
9.8% of the Afar sheep provide supplementary feed for castrated sheep for not more than 7 
days after castration to facilitate healing process of the wound occurred by castration. The 
most important supplementary feed for castrated sheep in Menz area are hay, crop residues, 
weeds, grains and local brewery by-product. While harvested grass, leaves and fruits of a tree 
and cotton crop residues are the most common supplementary feed in Afar region. 
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4.7. Management of Breeding Ram 
 
About 56.3% of farmers in Menz area were provided special management to their breeding 
while the remaining 43.7% ram did not provide any management for their breeding ram. 
Whereas the majorities (92.6) of Afar pastoralist were reported that they did not provide any 
special management for their ram.  Type of management for breeding ram in Menz area was 
provision of supplementary feed like hay, crop residues and weed. Few proportions (7.4%) of 
the pastoralists explained that they avert their breeding ram from mating by tying the prepuce 
of the ram to the base of the scrotum. They perceive that such practice helps the ram to 
preserve energy lost during mating. Solomon and Thwaites (1997) also found the adverse 
effect of mating on body weight and body condition of Horro sheep breed.  
 
4.8. Ram Ownership Pattern 
 
Availability of ram in the system considerably affects all biological and financial 
performances of the flock (Galal et al., 1996). Ram possession by smallholder and pastoralists 
is presented in Table 12. Out of all Menz sheep owners 20.6% had no breeding ram, 17.6% 
owned one ram and 61.8% owned more than one breeding ram with average of 1.8 breeding 
ram per flock. Whereas, 51.7% of Afar sheep breeders did not had breeding ram, 36.7% 
owned one ram and 11.6% had more than one breeding ram with average of 0.65 breeding 
ram per flock of a household. Sheep breeders without a breeding ram indicated that they use 
neighboring ram or their ewe mated with breeding ram from other flock in communal grazing 
land. Major reasons for keeping more than one ram were for fattening and sale (80%), large 
flock size (20%) for Menz sheep breeders and large flock size (57.3%) and for sale and 
fattening (42.7%) for Afar sheep breeders. The majority of the breeding rams (90%) in Menz 
were born within the flock and 7.1% were purchased from the market. In Afar area all the 
breeding rams were originated from within the flock. 
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Table 12. Average holding of ram in different production systems 
 
 
Ram possession 
Production system 
Crop-livestock  Pastoral 
N %  N % 
Having no breeding ram 14 20.6  31 51.7 
Having one breeding ram 12 17.6  22 36.7 
Having 2 or more breeding rams 42 61.8  7 11.6 
N =number of household 
 
4.9. Breeding Practices 
 
Breeding was generally uncontrolled in both (Menz and Afar) areas, except only to some 
extent in Afar area. The majority of the Afar sheep owners reported that they try to avoid dry 
season lambing (86%) and indiscriminate mating (11.1%). Methods like ram isolation, 
castration and tying of a cord around the neck of the scrotum and looped over the prepuce to 
prevent extrusion of the penis of the ram (Figure 7) were used to control mating in Afar area.  
Reason for uncontrolled mating in both areas was because of communal grazing land and 
watering point.  
 
Knowledge of farmers about identification of sire of the lamb and awareness about inbreeding 
are indicated in Appendix Table 5. About 62.5% of the interviewed smallholder farmers in 
Menz area and 77.4% of pastoralists in Afar area indicated that they were able to identify the 
sire of a new born lamb by relating the lamb with the colour and appearance/conformation of 
a ram. Majority of the smallholder farmers (68%) and pastoralists (89%) were not aware 
about the disadvantage of inbreeding. Some farmers and pastoralists reported that they heard 
the negative effect of inbreeding but no one tried to avoid except 6.7% of smallholder farmer 
and 4.6% of pastoralist who revealed that they did not allow close inbreeding (sire-daughter 
mating).   
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Figure 7. A mature Afar breeding ram whose prepuce is tied to the base of the scrotum to 
prevent mating 
 
In both areas castration of ram at the age of about 1.7 years might help to avoid/reduce the 
very intense form of inbreeding (sire-daughter mating). Castration and fattening practices by 
Afar pastoralists is not as common as Menz farmers rather they tend to sell more male sheep 
at their early age. Because of this ram shortage was observed (lower male to female ratio and 
about half of the pastoralists did not have breeding ram). As has been alluded to, reason for 
low proportion of breeding rams in Afar pastoral system as stated by pastoralists was due to 
the sale of males before breeding age. The reason for selling males early was because of their 
social regulation that considers male sheep as the property of the tribe so that when any body 
from that tribe has an economic problem he has the right to pick up and sale any male sheep 
(except marked as breeding ram) from any flock within his tribe. The sale of ram lambs at 
early age might result in negative selection as rams having good quality (fast growing male) 
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could be sold for slaughter as they reach market weight faster than others (slow growers). In 
contrary to this many farmers in Menz area had surplus ram in their flock and this might cause 
indiscriminate breeding and hamper selection. Thus, efforts should be put on the selection and 
identification of breeding ram before market age to increase the proportion of breeding males 
in Afar pastoral system. Whereas demonstration of early age finishing technologies and 
method of controlling unwanted mating using methods like wearing of apron (a flat piece of 
leather or plastic) just behind the front legs or tying of the penis to the base of the scrotum to 
prevent mating as practiced in Afar  should be advised for Menz farmers.  
 
Keeping older rams for prolonged time was more practiced in pastoral system than in mixed 
crop-livestock system. The proportion of older breeding rams having 3 or more pairs of 
permanent incisors to the total mature ram having 1 or above pair of permanent incisor was 
almost half (48.0%) in Afar sheep flocks whereas only 9.6% in Menz sheep flock. Keeping 
breeding ram for prolonged period of time in Menz area was practiced only when the breeding 
ram is perceived to have special features (good appearance, preferred coat colour, large size, 
large and broad tail and true to breed type). In such a case it is good to advice sheep owners to 
reduce intense inbreeding by avoiding the mating of the sire to own daughter.  
 
4.10. Purpose of Keeping Breeding Ram 
 
Purposes of keeping breeding ram/s in Menz and Afar sheep flocks are presented in Table 13. 
Majority (65.5%) of the farmers in Menz area  was kept breeding rams for the purpose of 
breeding and fattening, 24.1% for breeding only, 3.5% for breeding and socio-cultural benefit 
and 6.9% for all breeding, fattening and socio-cultural purposes. In Afar, almost half (49%) of 
the Afar pastoralists maintain breeding rams for the purpose of breeding only, 32% for 
breeding and fattening, 7.0% for breeding and socio-cultural benefits and 11% for breeding, 
fattening and socio-cultural benefit (Table 13). There was significant association (Chi-square 
= 19.83, p<0.01) between purpose of keeping breeding ram and production system. Menz 
farmers had better interest to keep breeding ram for the purpose of fattening along with 
breeding purpose than the Afar pastoralists.  
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Table 13. Purpose of keeping breeding ram in crop-livestock and pastoral production system 
 
 
Reason 
Crop-livestock  Pastoral 
N %  N  % 
Breeding only 21 24.1  49 49.0 
Breeding and fattening 57 65.5  33 33 
Breeding and socio-cultural 3 3.5  7 7.0 
Breeding, fattening and socio-cultural 6 6.9  11 11.0 
N = number of household 
 
4.11. Effective Population Size and Level of Inbreeding 
 
The observed male to female ratio of 1:8.3 in Menz and 1:17.4 in Afar sheep flocks may be 
sufficient if we consider only the capacity of male to mate. But as revealed in this study 
utilization of breeding ram/s born within the flock, uncontrolled mating, lack of awareness 
about inbreeding and small flock size may lead to accumulation of inbreeding and decreased 
genetic diversity (Falconer and MacKay, 1996; Jaitner et al., 2001; Kosgey, 2004). However, 
communal herding practiced by many of the sheep owners in both production systems 
obtained in this study allows breeding females to mix with males from other flock and this 
can minimize the risk of inbreeding (Jaitner et al., 2001) by increasing the effective 
population size. 
 
The effective population size (Ne) and the rate of inbreeding coefficient (∆F) calculated for 
Menz and Afar sheep flock considering the existing flock size and herding practice are 
presented in Table 14. Under random mating and when sheep flock of a household were not 
mixed, Ne and ∆F for Menz sheep were 6.35 and 0.079, respectively. For Afar, Ne was much 
lower (2.46) and ∆F was higher (0.20). In both cases the level of inbreeding was higher than 
the maximum acceptable level of 0.063 (Armstrong, 2006). Based on the result obtained in 
this study many of the sheep flocks (on average 7.3 and 4.6 in Menz and Afar area) were 
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mixed together. When flocks were mixed the ∆F was reduced by 86% in Menz and 78% in 
Afar sheep flocks. 
Table 14. Effective population size and level of inbreeding for Menz and Afar sheep flocks 
 
Production 
system 
When flocks are not mixed  When flocks are mixed 
Nm Nf Ne ∆F  Nm Nf Ne ∆F 
Menz 1.78 14.74 6.35 0.079  12.99 107.62 46.38 0.011 
Afar 0.65 11.32 2.46 0.200  2.99 52.07 11.31 0.044 
Ne = effective population size; ∆F = coefficient of inbreeding. Nm = number of male; Nf = number of 
female. 
 
4.12. Selection Criteria 
 
Majority of the farmers (90%) and pastoralists (80%) reported that they recognize the 
importance of selection and practiced to some extent with their own selection criteria’s.  
 
4.12.1. Selection criteria for breeding ram  
 
The available breed type is definitely the result of long term man made and natural selection. 
Mean (standard deviation) selection age of rams for Menz and Afar sheep breeds were 9.9 
(0.46) months and 7.5 (0.47) months, respectively. Ranking of farmers and pastoralists for the 
selection of breeding rams and ewes are presented in Table 15. Appearance and/or 
conformation of breeding ram ranked first for both Menz and Afar sheep owners with an 
index of 0.29 and 0.35, respectively. Fast growth, coat colour, tail size and shape and mating 
ability were ranked second, third, fourth and fifth with index of 0.24, 0.20, 0.18, and 0.04, 
respectively in Menz area. In Afar area tail size and shape, fast growth, coat colour and 
mating ability were ranked second, third, fourth and fifth important traits with index of 0.20, 
0.17, 0.15 and 11, respectively. Based on results obtained from group discussions in the Afar 
area, the tail of sheep is used to treat malaria, constipation and other abdominal problem. 
They believed that the causative agent of the disease will be expelled with diarrhoea after 
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drinking the fat from the tail. Appearance/conformation of ram for Menz farmers include 
traits like body size, chest and pelvic width (‘gane sefi’), length and straightness of the back 
(‘shint’), rump and tail width (‘chebeta’), tail size and body condition. For the Afar 
pastoralists appearance/conformation of a ram were assessed based on body size, strength and 
straightness of the legs, length and straightness of the back; and tail size. Generally large 
horn, large ear, larger tail size and white or red colour were preferred traits of a ram for Menz 
sheep breeder. While Afar sheep breeder prefers polled, short eared ram having a colour of 
white/creamy with light red at the back, medium tail fat and ram having good conformation.  
 
4.12.2. Selection criteria for breeding ewe 
 
Average selection age of Menz and Afar ewes were 10.0 and 7.9 months, respectively. In 
contrast to the rams, fitness and reproductive traits were more important for ewes in Menz 
area. This is because of their believe that survival is important than fast growth and good 
appearance of the lambs. Therefore, priority is given to traits of ewes that would ensure 
survival of the lambs. Menz sheep breeders consider lambing interval, mothering ability, 
ability to give multiple birth (twining) and coat colour type as the first four reasons for ewe 
selection in that order with an index of 0.31, 0.22, 0.16 and 0.12, respectively. Afar sheep 
breeders consider milk yield, mothering ability, appearance and/or size of ewe and lambing 
interval as the four more important traits with an index of 0.22, 0.16, 0.15 and 0.12, 
respectively. In the Afar pastoral system milk had has a significant role for home 
consumption. 
 
Both farmers and pastoralist gave more attention for the coat colour and pattern of their 
animals. Majority of Menz sheep breeders prefer plain white, pure red; and mixture white and 
red with patchy pattern in that order. Sheep having plain black, black with red/white belly 
(‘tazma’) and dark grey colours with wild (hyena) pattern (‘jibma’) were not preferred. 
Pastoralists prefer creamy/white colour with light red patch at the back and plain light red 
colours. Dark red and plain white were less preferred colours. Pastoralists perceive that dark 
red coloured sheep gave more milk but are more affected by drought.  
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Table 15. Selection criteria for breeding ram and ewe in Menz and Afar area 
 
 
 
Class and selection criteria 
Production system 
Crop-livestock   Pastoral  
Rank 
1st 
Rank 
2nd 
Rank 
3rd  
Index  Rank 
1st 
Rank 
2nd 
Rank 
3rd 
Index 
Breeding ram          
    Appearance/conformation 47 26 18 0.290  63 11 17 0.350 
    Colour 17 30 30 0.200  3 30 29 0.150 
Horn  0 7 8 0.030  0 0 4 0.006 
Ear 1 2 7 0.020  0 0 3 0.005 
Fast growth 38 24 13 0.240  17 24 11 0.170 
Fleece yield 0 1 1 0.004  - - - - 
Mating ability 2 4 11 0.040  6 22 10 0.110 
Tail size and shape 15 26 32 0.180  18 21 32 0.210 
Breeding ewe          
Appearance/size 9 6 16 0.080  11 24 8 0.150 
Coat colour  11 14 19 0.120  1 16 28 0.100 
Mothering ability 18 34 29 0.220  16 16 17 0.160 
Age at first lambing 4 5 1 0.030  4 2 2 0.030 
lambing interval 42 33 17 0.310  11 14 12 0.120 
Twining 25 13 9 0.160  10 10 2 0.090 
Tail size and type 4 4 15 0.050  4 10 21 0.090 
Milk yield for family - - - -  43 1 1 0.220 
Ear size 0 2 3 0.010  0 0 8 0.000 
Longevity 1 3 3 0.020  1 6 2 0.040 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) give for each selection criteria divided by sum of (3 X number of 
household ranked first + 2 X number of household ranked second + 1 X number of household ranked third) 
for all selection criteria for a production system. 
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White sheep are less preferred because dust/soil makes them unclean and reduces their 
attractiveness. In addition to this pastoralist reported that white coloured sheep had easily seen 
and exposed to predators and theft.  Qualitative traits other than coat colour had got less rank 
in this study though most of the respondents considered them in their choosing decision. 
Report by Ndumu et al. (2008) indicated that beauty traits like coat colour and pattern play 
significant role in ranking decision of Ankole cattle. Solomon et al., (2005) also reported that 
farmers in East Wellega and West Shewa preferred white and brown coloured sheep. 
 
4.12.3. Perception of farmers/pastoralists about their breed 
 
In Menz, indigenous Menz sheep is predominant in the area though some interviewed farmers 
has produced  crossbred sheep using improved crossbred (75% Awassi–25% Menz) rams 
obtained either from sheep ranches or research center and indigenous (Afar and Wollo) rams 
purchased from neighboring areas. Thus many farmers had aware and good insight with 
crossbred and in addition, neighboring sheep breed/types known as Adal/Afar and Wollo 
sheep. Good things about indigenous Menz sheep as stated by Menz farmers were good taste 
of meat as compared with Afar and Awassi-Menz crossbred sheep breeds; and disease 
tolerance, ability to thrive feed shortage and cold climate as compared with Afar, Wollo and 
Awassi-Menz sheep; presence of horn and higher fleece yield as compared with Afar sheep 
breed and shorter lambing interval as compared with Awassi-Menz sheep. Small size, slow 
growth rate, short tail as compared with Wollo, Afar and crossbred sheep, short eared as 
compared with Wollo and Awassi-Menz perceived as the weak side of Menz sheep as stated 
by Menz farmers. Afar sheep was found isolated from other sheep breeds except few 
Blackhead Somali sheep observed in a very few flocks adjacent to the Somali tribe called 
Essa. Pastoralist believed that their indigenous breed was the best due to larger fat tail, good 
appearance and tolerance to water shortage.  
 
4.13. Reasons for Keeping Sheep 
 
Ranking of the sheep production objectives by smallholder farmers and pastoralists is 
presented in Table 16. Knowledge of reasons for keeping animals is a prerequisite for 
  
55 
 
deriving operational breeding goals (Jaitner et al., 2001). The primary reason for keeping 
sheep for the Menz sheep owners was to generate income followed by  meat consumption, 
manure, hair and as means of saving in that order with an index of 0.47, 0.22, 0.13, 0.09 and 
0.07, respectively. However, the primary reason of keeping Afar sheep breed was for the 
purpose of milk yield followed by meat consumption and to generate income with an index of 
0.45, 0.24 and 0.23, respectively.  
 
Table 16. Ranking of the sheep production objectives by smallholder farmers and pastoralists 
 
 
Production 
objective 
Production system 
Crop-livestock   Pastoral  
Rank 
1st  
Rank 
2nd  
Rank 
3rd  
 
Index 
 Rank 
1st  
Rank 
2nd  
Rank 
3rd  
 
Index 
Meat 5 49 40 0.22  1 50 47 0.24 
Hair 1 16 26 0.09  - - - - 
Religious 0 0 1 0.00  - - - - 
Ceremony 0 2 3 0.01  2 1 0 0.01 
Wealth 1 0 1 0.01  6 6 2 0.05 
Skin 0 0 3 0.00  1 0 1 0.01 
Manure 1 27 34 0.13  - - - - 
Saving 1 20 10 0.07  - - - - 
Income 109 4 0 0.47  10 35 43 0.23 
Milk - - - -  84 12 7 0.45 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) given for each purpose divided by sum of (3 X number of household 
ranked first + 2 X number of household ranked second + 1 X number of household ranked third) for all 
purpose of keeping sheep in a production system. 
 
Purpose of keeping sheep for the Afar pastoralists is different from that of the Kenyan 
pastoralists in that the Kenyan pastoral farmers gave higher ranking for regular cash income 
than milk and meat (Kosgey et al., 2008).  The great contribution of sheep production to the 
diets of pastoralists is documented for Ethiopian Somali pastoralists (Solomon, 2008). Based 
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on the reasons for keeping sheep, the main breeding goal has been defined as increasing meat 
production (improve growth rate and conformation), and fleece yield for Menz sheep and 
increasing milk yield and meat production for Afar pastoralists. 
 
4.14. Adaptive Traits  
 
Ranking of livestock species based on some adaptive traits are presented in Table 17. Based 
on the total index obtained by ranking in Menz area sheep were seemed more affected by 
disease, internal parasite and external parasite as compared with cattle while sheep are able to 
tolerate drought, feed shortage and cold than cattle. Generally sheep were perceived by 
farmers as more adaptive to the existing situation of Menz area than cattle with index of 0.65 
vs. 0.35.  
 
Table 17. Ranking of species based on some adaptive features 
 
 Production system 
Adaptive features Crop-livestock  Pastoral 
 Cattle Sheep  Cattle Sheep Goat Camel 
Disease tolerance (0.59)1 (0.43)2  (0.29)1 (0.17)4 (0.24)3 (0.29)1 
Tolerance to internal parasite (0.60)1 (0.40)2  (0.29)2 (0.19)4 (0.20)3 (0.32)1 
Tolerance to external parasite (0.56)1 (0.44)2  (0.30)1 (0.24)3 (0.17)4 (0.28)2 
Heat (0.50)1 (0.50)1  (0.19)4 (0.20)3 (0.23)2 (0.37)1 
Cold (0.37)2 (0.63)1  (0.20)4 (0.24)2 (0.24)2 (0.28)1 
Drought (0.41)2 0.59)1  (0.21)3 (0.14)4 (0.26)2 (0.39)1 
Feed (0.39)2 (0.61)1  (0.21)3 (0.15)4 (0.26)2 (0.39)1 
Water (0.35)2 (0.65)1  (0.17)3 (0.24)2 (0.16)4 (0.40)1 
adaptability (0.35)2 (0.65)1  (0.23)3 (0.18)4 (0.31)1  (0.28)2 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) given for each species within adaptive features within a production 
system divided by sum of (3 X number of household ranked first + 2 X number of household ranked second 
+ 1 X number of household ranked third) for both/all species within each adaptive features of a production 
system. Numbers in parenthesis are index values while out of the parenthesis are rankings. 
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In Afar area, goat was the most adaptive species having an index of 0.31 followed by camel 
and cattle with index of 0.28 and 0.23, respectively.  Sheep were least adaptive in the area 
with index of 0.18. The reason was the expansion of fast growing tree; Prosopis juliflora that 
encroaches the grazing land and resulted in decreased proportion of grass land which was the 
main feed source for sheep and cattle. In Afar area sheep was ranked next to camel in their 
ability to tolerate water shortage. This might be due to sheep had low water requirement than 
bovine species, (half water needs per metabolic weight and twice as much milk concentrated 
in the dry matter). Moreover fat tailed sheep breeds can store energy for the dry seasons 
(Rancourt et al., 2006). 
 
4.15. Feed Sources  
 
Almost all farmers and pastoralists reported that they faced feed shortage during the dry 
seasons. In Menz area about 39.5% of farmers did nothing to support their sheep during feed 
shortage, 38.6% provide supplementary feed (crop residues, local beer by-product, hay and 
cultivated forages), 8% irrigate their grazing land and 6.7% provide purchased feed and the 
remaining 7.2% reduce their flock size. The major crop residues used for supplementation in 
Menz area were faba bean (32%), wheat (16%) and barley (15%) residues. However; for 
pastoralists in Afar area, flock mobility was the main copping mechanism during feed 
shortage. In addition to this pastoralists supplement leaves and seeds of trees mainly Acacia 
sp. and Prosopis juliflora for their sheep during the dry season. Improving the utilization of 
available crop residues and forage development by allotting part of their crop land or 
cultivation of annual forage during the main rainy season using the land allotted for the short 
rain might be considered in Menz area whereas in Afar area reduce the expansion of Prosopis 
juliflora, developing forage crop/tree along the Awash river might be considered. Research 
findings indicated that the pods of the Prosopis juliflora could be incorporated up to the level 
of 20% for concentrate feed production as well as part of feed for animals. Thus this tree 
could contribute a lot as animal feed in the area. 
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4.16. Water Resources and Watering 
 
Rivers, springs, tap water and dam (specifically in Afar area) were the main sources of water 
during the dry season in both Menz and Afar area. Whereas, during the rainy season pond and 
dams filled by the rainy water were the main sources of water and some farmers and 
pastoralists reported that they also use tap water during the rainy season. In Afar area, sheep 
took on average 2.6 hour (range of 0.08 to 12 hours) to reach water source. It can be noted 
that there is a wide variation in time spent to get to water sources. This is because pastoralists 
who live near to the Awash river are able to get water easily, whereas those who live far from 
Awash river had to travel long distance to water their animal.  In Menz area 93.3% of 
smallholder farmers get water at a distance of less than 1 km.  
 
About 92.5% sheep owners in Menz and 33.6% in Afar area watered lamb with adults. 
Majority (75%) of the farmers in Menz area watered their sheep once in two days followed by 
once a day (22.5%) and some sheep flocks (2.5%) had access to water freely. About half 
(52.8%) of the pastoralists practice watering once in two days, 30.6% of them were watered 
once a day, 13.0% reported that their animals got water freely and the remaining 3.7% stated 
that they provided water once in three days. Both farmers and pastoralists stated that frequent 
watering disposed sheep for liver fluke and sheep become weak. This might be due to snails, 
the intermediate host of liver fluke found in swampy areas around the river and frequent 
watering might increase the chance of taking the larvae of the parasite on grazing. 
 
4.17. Housing 
 
In Menz area during the rainy season 53.3% of the sheep owner housed their sheep within the 
same roof with family, but on the ground floor whereas 44.2% of them housed in a roofed 
separate house constructed for sheep. In Menz area, only 2.5% of the respondents reported 
that they use unroofed shelters during the rainy season by covering materials like plastic sheet 
to prevent from rain. During the dry season majority (81.7%) of the farmers in Menz area 
housed sheep without roof but having a stone wall in the campus of their residence. About 
10% use a house having separate roof and only 8.3% housed in the ground of same roof with 
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family. Most of the farmers housed their sheep in roofed house during the rainy season to 
protect them from heavy rain and they kept sheep in open house during the dry season to 
reduce suffocation. Types of dry and wet season sheep house in Menz area are presented in 
Figure 8.   
 
In Menz area sheep house were made from 88.3% grass and 10.3% iron sheet roof, 98.3% 
stone and 1.3 % wood wall and 68.3% stone and 31.7% earth floor, respectively. Generally 
lambs were housed together with adult sheep except for some farmers who isolate new born 
lambs for not more than a week. Majority (91.6%) of sheep was housed separately from other 
livestock; whereas, 8.4% of the farmers housed sheep with cattle and/or goat within the same 
roof by making partition among/between them. 
 
Afar sheep owners use similar shelter during both rainy and dry season whereas they use 
separate houses for suckling lamb (less than 4 to 6 months) and mature sheep. Sheep are 
housed in a shelter without roof, fenced with branches of a tree near the family shelter (Figure 
9). When there is heavy rain, lambs are allowed to stay in the family roofed house. Most of 
the Afar sheep owners (93.5%) sheltered sheep with other species mainly with goat (98.9%) 
while 6.5% reported that they sheltered sheep separately.  
 
4.18. Disease 
 
Farmers in Menz area identified the major sheep diseases as indicated in Table 18. 
Pasteurellosis, liver fluke, coenurosis, and sheep pox were the major reported sheep disease in 
that order. Similarly, pastoralists identified liver fluke, skin disease (dermatological problems) 
and Pasteurellosis as the major diseases affecting sheep productivity in that order.  
 
Most of the farmers/pastoralists use modern drugs from government clinics and open markets. 
Some farmers in Menz area reported that they sometimes use traditional treatments (just 
dipping them in a river) for sheep affected by coenurosis This practice is not supported by 
science rather breaking the life cycle of the tape worm (cause of coenurosis) should be 
recommended. This could easily be achieved by burry or burn the head of slaughter sheep to 
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prevent its utilization by domestic dog as dog is the intermediate host for the continuity of its 
life cycle. Strengthening health service in both Menz and Afar area is mandatory. 
 
 
       
 
Figure 8. Dry (left) and wet (right) season housing in Menz area 
 
   
 
Figure 9.  Lamb (left) and adult (right) sheep house in Afar area 
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Table 18. Ranking of sheep disease in Menz area 
 
 
Local name 
 
Common name 
Households  
Index Rank 1st Rank 2nd Rank 3rd 
Mawle Liver fluke 11 29 19 0.18 
Sal Lung worm 8 7 15 0.09 
Nitosh/Engib/wozwuz Pasteurellosis 64 23 3 0.39 
Fentata Sheep pox 15 15 2 0.12 
Baryawz Coenurosis 9 21 25 0.15 
Dengetegna Sudden death 2 1 1 0.01 
Kezen Diarrhoea 1 3 2 0.02 
Yesanba mich Pneumonia 1 4 0 0.02 
- External parasite 1 0 1 0.01 
- Unable to urinate 3 0 1 0.02 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) for each disease within a production system divided by sum of (3 X 
number of household ranked first + 2 X number of household ranked second + 1 X number of household 
ranked third) for all of the disease within a production system. Numbers in parenthesis are index values 
while out of the parenthesis are rankings 
 
4.19. Sheep Disposal and Market Age 
 
Average market and culling age of Menz and Afar sheep are presented in Table 19. The 
average market age of male and female Menz sheep were 11.3 and 11.9 months, respectively. 
While Afar sheep were marketed at earlier age than Menz sheep with average age of 6.7 and 
8.4 months for male and females, respectively. The sell of Afar sheep at earlier age indicated 
that Afar sheep breed reached market weight at early age due to faster growth than Menz 
sheep breed.  
 
Most of the sale (80% of the total sheep sale) in Menz area was concentrated to the months of 
major festival. The major selling months were December to January (Ethiopian Christmas and 
Epiphany), August to September (Ethiopian New year) and April (Ethiopian Ester) accounted 
34.2%, 18.5% and 18.3% of the total sheep sell. During these seasons the demand for meat 
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becomes high and resulted in higher price of sheep. The remaining proportions of sheep sale 
was occurred during the period October to November (20.3%) aiming to exploit better 
condition of the sheep due to the availability of pasture grown by the main rainy season and 
May to July (8.8%) due to pressing cash need for the purchase of inputs for crop production 
like fertilizer and seed. Generally income obtained from sheep was spent for expenses related 
to education for children, for the purchase of food and clothing for the family, and for the 
purchase of fertilizer, seed and other inputs for crop production. Majority of the pastoralists in 
Afar area (89.2%) sale their sheep during the two dry seasons locally known as Hagaya (May 
to June) and Gillal (October to February). About 7.9% of sheep were sold during the wet 
seasons locally known as Kerma (main rainy season usually July to September) and Sugum 
(short rainy season from March to April) and the remaining 2% of the total sale of sheep 
reported to be occur any time when they need money. Reason for sale of sheep were for the 
purchase of food for family (45.3%), destocking due to drought and feed shortage (37.9%), 
better condition of sheep and availability of better market (16.8%). Sheep selling in pastoral 
system was highly associated with the dry seasons on which milk supply (the main food of the 
family) either from sheep or other livestock was reduced.  The main reason of sheep selling in 
this area was for the purchase of food for the family. 
 
The average culling age of Menz breeding ram and ewes was 2.8 and 6.9 years. Whereas, 
Afar sheep were culled/withdraw from breeding at average age of 5.6 and 7.6 years for male 
and females, respectively. Culling was practiced for a pressing need of cash, unsatisfactory 
production, and health reasons or to avoid anticipated losses due to prevailing diseases (Galal 
et al., 1996). Selling priority of different sheep classes are indicated in Appendix Table 6. In 
Menz area the aged ewes, castrates, ram lambs are sold first, second and third with index of 
0.36, 0.32 and 0.18, respectively. Whereas, in Afar area castrates, aged ram, ram lambs and 
old ewes were the first, second, third and fourth to be sold with scores of 0.28, 0.17, 0.16 and 
0.13, respectively. 
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Table 19. Mean market and culling age of Menz and Afar sheep breeds 
 
 
Parameter 
Production system 
Crop-livestock  Pastoral 
N Mean SD  N Mean SD 
Market age (months)        
Male  107 11.3 6.42  101 6.7 4.26 
Female 106 11.9 7.83  100 8.4 4.80 
Culling age (years)        
Male 74 2.8 0.80  95 5.5 1.82 
Female  95 6.9 2.38  99 7.6 2.86 
SD = Standard deviation 
 
4.20. Lambing Pattern 
 
Lambing occurred at any time of the year as uncontrolled mating was predominant in both 
production systems and due to non seasonality of estrus. But, there is seasonal variation in 
lambing pattern (Appendix Table 7). In Menz area majority of lambing occurred in September 
followed by October, January and December which accounted for 38%, 14%, 10%, and 9% of 
the lambing, respectively. About half of the lambing concentrated towards the end of the main 
rainy season indicating that most of the animals came in to heat and mated during the short 
rainy season March/April. 
 
In Afar area about 80% of the lambing was concentrated in the two rainy seasons locally 
known as Sugum (the short rainy season) and Kerma (the main rainy season) with equal 
proportion followed by 15% of lambing in Gillal (the longest, cold and dry season of Afar 
after the long rainy season). Only 5% of the lambing occurred in Hagaya (the dry season). It 
was reported by pastoralists that lambs born during Hagaya had less chance of survival and 
most of the time this resulted in the death of the both the lamb and the ewe. Because of this 
pastoralists purposely killed lambs born during this season for the survival of the ewe.  
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4.21. Reproductive Performances 
 
Reproductive performances of Menz and Afar sheep breed are presented in Table 20. Good 
reproductive performance is a prerequisite for any successful livestock production program. 
Undoubtedly, there is no milk if birth does not occur, no meat and fiber if survival cannot be 
ensured. Sexual maturity age of Menz ram was 10.5 months whereas Afar ram attains sexual 
maturity at earlier age than Menz sheep with average age of 7.1 months. Age at first lambing, 
lambing interval and twining rate, and lifetime productivity of Menz sheep were 470.1 days, 
255.1 days, 1% and 9.3 lambs respectively. The corresponding values for Afar sheep were 
405.6 days, 270.5 days, 5.5%, 12.1 lambs, respectively.  
Age at puberty of Menz sheep obtained in this study is in general agreement with previous 
reports for the same breed (Neftalem, 1990; Abebe, 1999). This is also within the range for 
East African sheep breeds (349 to 540 days) reported by Wilson (1982). Comparatively, short 
(349 day) and long (540 day) age at first lambing were obtained in Sudan desert and Kenyan 
Massai sheep, respectively (Wilson, 1982). Age at first lambing of Afar sheep was 2 months 
lower than Menz sheep implying that the Afar sheep attain sexual maturity at earlier age than 
Menz sheep. The ability of Afar sheep to give more (12.1) lambs in ewes life time than Menz 
sheep (9.3) might partly be because of their early maturing ability. Mukasa-Mugerwa and 
Lahlou-Kassi (1995) reported that age at first puberty was affected by weaning season and 
post weaning nutrition and thus  through good management age at first puberty could be 
substantially improved.  
Low twining rate of both Menz and Afar sheep breeds recorded in this study was in 
agreement with previous reports for Menz sheep (Neftalem, 1990; Abebe, 1999) and Afar 
sheep (Yibrah, 2008). However, there are also reports of higher twining rate (13%) for Menz 
sheep (Mukasa-Mugerwa et al., 2002) under station management, suggesting that such traits 
might be improved by better management. Litter size for East African sheep under pastoral 
management systems were reported in the range of 1.03, 1.05 and 1.14 in Ethiopia, Kenya and 
Sudan, respectively.  
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Lambing interval (255.1 day for Menz and 270.5 day for Afar sheep breeds) obtained in this 
study falls within the range of 213.5 to 437 days reported for tropical sheep breeds (Wilson, 
1982; Wilson, 1989; Abebe, 1999; Gbangboche et al., 2006). Estimates obtained under village 
conditions are mostly in the range of 254 to 366 days in the semi-arid zone and 213.5 to 322 
days in the humid zone (Wilson, 1982). Shorter lambing interval obtained in this study for 
Menz and Afar sheep breed might be the result of uncontrolled access to ram of ewes 
(Wilson, 1989) which allow most of the ewes to give 3 lambing in two years indicating good 
reproductive performance of the breeds under low input system. Generally, the result, as 
regards lambing interval, obtained for Menz sheep was in agreement with the previous on-
station and on-farm reports of the same breed (Tekeleye et al., 1993; Abebe 1999; Mukasa-
Mugerwa et al., 2002) indicate the estimating ability of farmers. 
  
Table 20. Reproductive performance of Menz and Afar sheep breeds 
 
 
Breed and reproductive traits 
Production system 
Crop-livestock  Pastoral 
N Mean  SD  N Mean  SD 
Age at sexual maturity male (months) 115 10.47 3.44  110 7.10 2.49 
Age at first lambing (days) 115 470.10 106.60  83 405.60 91.60 
Lambing interval (days) 112 255.10 54.80  103 270.50 72.30 
Number of lambs per ewe per life time 111 9.31 2.56  106 12.06 4.29 
Twining rate (percent) 115 1.04 1.44  106 5.49 4.38 
N = number of observation; SD = standard deviation. 
 
4.22. Milking 
 
Milking frequency, milk yield and lactation length of Afar sheep are presented in Table 21. 
All of the Afar sheep breeders milk their ewe for home consumption except when ewes 
condition is poor at lambing or has lambed during the dry season. Ewe milking is not 
practiced in Menz area. Sheep milking is done by pastoralists twice a day in the morning (at 
about 8:00 am) and in the dusk (at about 6:00 pm) with a total mean (standard deviation) milk 
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yield of 224 (54) ml per day. The pastoralist stated that the average lactation length ranged 
from 1.5 to 6.0 months depending on the parity, condition of the ewe, and availability of feed. 
Utilization and significant contribution of sheep milk for the Ethiopian pastoralists was also 
reported in other studies (Degen, 2007, Solomon, 2008). Sheep milk yield vary with season 
(associated with feed), age of the dam, number of other lactating species (effect of 
substitution, if a pastoralist has many lactating cattle, camel and goat they may not efficiently 
use the sheep milk).  
 
Sheep milk is commonly used for preparation of local drinking known as  ‘hashara’ prepared 
by boiling sheep and/or goat milk in water and roasted coffee hull. Pastoralists prefer sheep 
milk for butter making due to the perceived higher fat content. Higher fat content (6.8 to 
8.5%) of sheep milk than goat (3.4 to 4.5), cattle (3.4 to 5.5) and camel (5.0 to 5.5) milk was 
reported by Degen (2007). Lambs are allowed to suck their ewes freely for about a week to 
ensure survival of the lamb after birth, then after lambs are allowed to suck only before the 
morning and evening milking times.   
 
Table 21. Milking frequency, yield and lactation length of Afar sheep 
 
Parameter N Mean SD 
Milking frequency per day 107 2.0 0.10 
Milk yield per day (ml) 106 224.0 52.00 
Lactation length (months) 102 3.8 0.81 
Milk yield per lactation (litter) 100 25.5 8.00 
N = number of observation, SD = standard deviation. 
 
4.23. Shearing  
 
In Menz area, shearing of sheep was common and is practiced twice a year. The first shearing 
usually occurs between August and October and the second occurred between April and June. 
Shearing was practiced by hand using local knife. Average fleece yield per sheep per shearing 
was 400 gram with range of 100 to 700 gram. Fleece was utilized by farmers for 
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manufacturing locally made clothing like blanket and carpet. Fleece also serves as a means of 
income generation for farmers. White and black coloured fleece were the more preferred for 
the manufacture of blanket than red and mixed colors. Aschalew (2006) indicated that the 
fleece diameter of Menz sheep was 63.6 micrometer which could not satisfy the requirement 
for commercial products even for carpet which require 40 to 50 micrometer.   
 
4.24. Traditional Sheep Branding 
 
Traditional sheep branding was practiced by Afar pastoralists using hot iron. The purpose of it 
as stated by pastoralists during group discussion was that to identify sheep from their owner. 
The use of branding for identification of cattle can be traced to the ancient Egyptians and 
widespread to Spain, Europe, America and Australia. For almost 4,000 years, branding has 
been the most effective and economical means of identifying livestock. This practice reduces 
the value of skin when applied to the ribs and shoulder area. Thus by choosing more desirable 
location and proper application method of branding might be helpful for identification of 
sheep in selection program. An Afar ewe having branding on her face is indicated in 
Appendix Figure 2. 
 
4.25. Crossbreeding 
 
Crossbreeding of Menz sheep with 75% Awassi-25% Menz was carried out in two villages, 
Sina Amba and Boda villages in Menz Gera woreda. All of the interviewed farmers in Menz 
Gera woreda were interested to use crossbred ram. Based on the questionnaire results most of 
them (92%) were interested in the fast growth of crossbred sheep, their good conformation 
and appearance (large body size, horned, large ear and large tail) and their preferred color (red 
and white). Even though farmers prefer the crossbred sheep than the indigenous Menz sheep, 
some problems were reported especially for those having higher Awassi blood level. About 
80% of the farmers reported that crossbred sheep produced less quality skin and had longer 
lambing interval.  About 73.3% and 86.4% of the farmers reported that crossbred sheep were 
more affected by disease and drought than the Indigenous Menz sheep, respectively. This 
result indicated that crossbreeding scheme should include selection within crossbred 
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population for adaptive traits. There also needs an efficient way of ram exchange and 
determination of appropriate exotic blood level in addition to considering production traits 
like fast growth and large body size. Improvement of feed situation and strengthen the 
available health service should also considered for the successfulness of the program. 
Unpublished data from Debre Berhan research center confirmed that skin from 50% Awassi-
Menz sheep was well accepted by the tannery based on some physical assessment techniques. 
In contrary, other study by Markos (2006) supports the claim of farmers that the poor quality 
of skin from crossbred sheep. He reported that the profitability of 75% crossbred sheep was 
less than the indigenous Menz sheep when skin price was considered. Thus further 
investigation on the quality of skin from crossbred sheep at different blood level using 
physical and chemical assessment is required.  
 
4.26. Constraints to Sheep Production 
 
Ranking of sheep production constraints are presented in Table 22. Among the constraints 
feed shortage/frequent drought and disease were considered as more important problem in 
both Menz and Afar areas with varying intensity. In Menz crop-livestock system feed 
shortage/frequent drought and disease ranked first and second with index of 0.37 and 0.35, 
respectively. However, feed shortage/drought ranked first with higher index (0.55) and 
disease ranked second with index of 0.33 in Afar. Shortage of capital to start or expand sheep 
production and lack of improved genotype were the third and fourth constraints with index of 
0.15 and 0.08, respectively in Menz, whereas water shortage ranked third with index of 0.07 
in Afar area.  
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Table 22. Ranking of sheep production constraints by smallholder farmers and pastoralists 
 
 
 
Constraints 
Production system 
Crop-livestock  Pastoral 
Rank 
1st 
Rank 
2nd 
Rank 
3rd 
Index  Rank 
1st 
Rank 
2nd 
Rank 
3rd 
Index 
Genotype 8 7 17 0.08  1 1 2 0.01 
Feed shortage  25 64 52 0.37  78 34 47 0.55 
Water shortage 0 2 2 0.01  2 9 22 0.07 
Disease 60 25 10 0.35  26 61 14 0.33 
Market  1 4 3 0.02  - - - 0.00 
Predator 0 1 6 0.01  0 2 10 0.02 
Labour shortage 1 2 4 0.02  0 0 1 0.00 
Money 22 10 20 0.15  0 0 9 0.01 
Index= sum of (3 X number of household ranked first + 2 X number of household ranked second + 1 X 
number of household ranked third) give for each constraint divided by sum of (3 X number of household 
ranked first + 2 X number of household ranked second + 1 X number of household ranked third) for all of 
the constraints for a production system. 
 
Low genetic potential of the breed was ranked lowly in both production systems. This might 
be due to lack of awareness of sheep owners about genotype. That is why Menz farmers gave 
better ranking for genotype as compared with Afar pastoralists as they were more awarded 
about genetic improvement due to the on going sheep crossbreeding program in the area. 
Furthermore, in both systems the interest of sheep owners for better appearance/conformation, 
fast growth and larger tail size and shape were indirect indicators of their interest on 
improvement of their sheep genotype. 
 
4.27. Morphological Characters of Menz Sheep 
 
Morphological characters of Menz ram and ewe are presented in Table 23. Menz sheep breed 
is fat tailed (100%) and the tail was curved upward at the tip (99.5%). Nearly 69% of the 
sheep had plain coat color pattern followed by patchy pattern (28%). Sheep with spotty 
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pattern (2.8%) were rarely observed. Almost all (98.8%) of Menz sheep had long and coarse 
wool/hair. Short and smooth (0.9%) and short and coarse (0.3%) hair were observed rarely.  
Coat color types of plain red, white and black were observed in Menz sheep with proportions 
of 29.3%, 21.5% and 15.8%, respectively. The mixtures of red and white (‘wosera’), and 
black and white (‘bure’) accounted for 16.4% and 6.3%, respectively. Black with white head 
(‘boqa’), dark grey locally known as ‘jibma’ and black color with white or red belly ‘tazma’ 
accounted for 3.0%, 6.0% and 1.7%, respectively. Generally, about 67.3% of Menz sheep had 
coat color type of pure white, pure red and the combination of the two. This finding is not in 
agreement with that of Galal, (1983) who reported black and brown as the dominant colors of 
Menz sheep while white color was rarely observed. Whereas another on-station 
characterization of Menz sheep (Markos et al., 2004) found white colored sheep in larger 
proportion and reported as one of the frequently observed colors which is in agreement with 
the current study. Examining the results of the present study against the earlier ones indicated 
that the proportion of white is increasing and that of black is decreasing through time. This is 
strongly supported by the preference of farmers to white and red colors against the black color 
for which the farmers are exercising some kind of selection for the preferred ones. Most of the 
Menz sheep had either straight (50.3%) or very slightly concave head profile (47.7%). 
Convex head profile was rarely observed (2%). 
 
Horn, ruff (long hair around the neck region of the inner part) and wattle are sex dependent 
characteristic in Menz sheep. Almost all (99.1%) of the ewes were polled whereas most 
(92.3%) of the rams were horned. Out of the horned rams, 95.7% had spiral horn shape and 
the remaining 4.3% had short and straight horn. Out of the total rams having spiral shape, 
almost half (52.9%) of the ram had back ward oriented and the remaining 47.1% had laterally 
oriented horns (Figure 10). About 18.5% of the males had ruff whereas females had no ruff. 
Menz rams had no wattle while 6.1% of the ewes were with wattle. About 15.4% of the Menz 
sheep had rudimentary ear, 35.3% had short ear showing a tendency to be inclined downward 
and the remaining half (49.3%) of the sheep had larger and dropping/semi-pendulous ears. 
Generally, most of the physical descriptions obtained in this study are in agreement with the 
on-station characterization of Menz sheep (Markos et al., 2004). Menz ram and ewe are 
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Table 23. Morphological characters of Menz sheep 
 
 
Character and levels 
 
Sex   
Total Male  Female  
N %  N %  N % 
Tail type         
Short fat tailed 313 100.0  873 100.0  1186 100.0 
Tail form         
Curved up at the tip 312 99.7  868 99.4  1180 99.5 
Straight and tip down ward 1 0.3  5 0.6  6 0.5 
Coat color pattern         
Plain 212 67.7  609 69.7  821 69.2 
Patchy 94 30.0  238 27.3  332 28.0 
Spotty 7 2.3  26 3.0  33 2.8 
Coat hair type         
Short and smooth 0 0.0  3 0.3  3 0.9 
Long and coarse 312 99.7  870 99.7  312 98.8 
Short and coarse 1 0.3  0 0.0  1 0.3 
Coat color type         
White 84 26.8  172 19.7  256 21.5 
Red 84 26.8  264 30.2  348 29.3 
Black 36 11.5  151 17.3  187 15.8 
Red and white 61 19.5  133 15.2  194 16.4 
Black and white 24 7.7  51 5.8  75 6.3 
Black with white head 8 2.6  27 3.2  35 3.0 
Dark grey (Jibma) 15 4.8  56 6.4  71 6.0 
Black with red/white belly 1 0.3  19 2.2  20 1.7 
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Table 23. (Continued) 
 
 
Character and levels 
 
Sex   
Total Male  Female  
N %  N %  N % 
Head profile         
Straight  133 42.5  463 53.0  596 50.3 
Concave 173 55.3  393 45.1  566 47.7 
Convex 7 2.2  17 1.9  24 2.0 
Horn         
Present 289 92.3  8 0.9  297 25.0 
Absent 24 7.7  865 99.1  889 75.0 
Horn shape         
Rudimentary 12 4.3  - -  12 4.3 
Spiral 269 95.7  - -  269 95.7 
Horn orientation         
Backward 146 52.9  - -  146 52.9 
Lateral 130 47.1  - -  130 47.1 
Ruff         
Present 58 18.5  0 0.0  58 4.9 
Absent 255 81.5  873 100.0  1128 95.1 
Wattle          
Present 0 0.0  68 7.8  68 5.7 
Absent 313 100.0  805 92.2  1118 94.3 
Dewlap         
Absent 313 100.0  873 100.0  1186 100.0 
Ear form         
Rudimentary 52 17.2  128 14.7  180 15.4 
Short/inclined downwards 109 36.1  305 35.1  414 35.3 
Dropping/semi-pendulous 141 46.7  437 50.2  578 49.3 
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.     
Figure 10. Horn shape and orientation of Menz Sheep, spiral and back ward (left) and spiral 
and lateral (right) 
 
   
 
Figure 11. A mature Menz ram (left) and ewe (right) 
 
4.28. Morphological Characters of Afar Sheep 
 
The morphological characters of Afar sheep breed are presented Table 24. Afar sheep breed is 
fat tailed and the tail is curved upward having a wider tail both at the base and at the tip. Coat 
colour pattern of Afar sheep breed was patchy (58.1%), plain (40.6%) and rarely spotty 
(1.3%). Almost all (99.7%) of the Afar sheep had short and coarse hair. Coat colour type of 
the breed was white with red patch along the back (41.9%), plain light red (30.9%), plain 
white (17.2%) and plain dark red (7%). This showed that majority (90%) of the sheep are 
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found in between white and red colours. Other colors were found rarely; plain black (1.2%), 
black and white (1.1%) and dark grey (0.7%).   
 
Table 24. Morphological characters of Afar sheep 
 
 
Character and levels 
 
Sex   
Total Male  Female  
N %  N %  N % 
Tail type         
Short fat tailed 46 100.0  748 100.0  804 100.0 
Tail type         
Curved up at the tip 56 100.0  744 99.5  800 99.5 
Straight and tip down ward 0 0.0  4 0.5  4 0.5 
Coat color pattern         
Plain 33 58.9  419 55.6  452 58.1 
Patchy 23 41.1  323 43.1  316 40.6 
Spotty 0 0.0  10 1.3  10 1.3 
Coat hair type          
Short and smooth 1 1.8  1 0.1  2 0.2 
Long and coarse 0 0.0  1 0.1  1 0.1 
Short and coarse 55 98.2  746 99.8  801 99.7 
Coat color type          
White 6 10.7  132 17.6  138 17.2 
Red 1 1.8  55 7.4  56 7.0 
Black 0 0.0  10 1.3  10 1.2 
Light red 26 46.4  222 29.7  248 30.9 
White with red patch at the back 22 39.3  315 42.1  337 41.9 
Black with white  1 1.8  8 1.1  9 1.1 
Dark grey (Jibma) 0 0.0  6 0.8  6 0.7 
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Table 24. (Continued) 
 
 
Character and levels 
 
Sex   
Total Male  Female  
N %  N %  N % 
Head profile          
Straight  55 98.2  743 99.2  798 99.3 
Concave 0 0.0  2 0.5  2 0.2 
Convex 1 1.8  3 0.4  4 0.5 
Horn         
Absent 56 100.0  748 100.0  804 100.0 
Ruff         
Absent 56 100.0  748 100.0  804 100.0 
Wattle         
Present 0 0.0  18 2.4  18 2.2 
Absent 56 100.0  730 97.6  786 97.8 
Dewlap         
Present 56 100.0  748 100.0  804 100.0 
Ear form         
Rudimentary 18 32.1  140 18.8  158 19.7 
Short/inclined down wards 38 67.9  592 79.3  630 78.6 
Dropping/semi-pendulous 0 0.0  14 1.9  14 1.7 
 
Almost all of the sheep (99.2%) had straight head profile. Both sexes of Afar sheep breed are 
polled. About 2.4% of the female had wattle while all of the males had no wattle. The breed 
had no ruff, but dewlap is present in both sexes. Majority (78.6%) of the Afar sheep were 
short eared showing a tendency to be inclined downwards and about 19.7% were with 
rudimentary ear. Long dropping ear was found rarely (1.7%). Figure 12 shows the physical 
appearance of Afar ram and ewe. In general the morphological descriptions of Afar sheep 
breed obtained in this study are in agreement with those of Galal (1983) who described Afar 
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sheep breed at Melka Werer Research Center; and Sisay (2002) described Afar sheep breed in 
eastern Amhara Regional State. 
 
 
  
Figure  12. A mature Afar ram (left) and ewe (right) 
 
4.29. Variability of Morphological Characters 
 
The Coefficient of Unalikeability was used to measure the variability of morphological 
characters within the breed. Unalikeability is defined to mean how often observations differ 
from one another. As described by Kader and Perry (2007) Coefficient of Unalikeability (u2) 
was calculated using the formula: 
  
u2 =1-∑ pi2, where pi is the proportion of each response within a category. 
 
Menz sheep have shown more variability in coat color type, ear form, head profile and coat 
color pattern among other morphological characters with Unalikeability coefficient of 0.81, 
0.61, 0.52 and 0.44, respectively. Similar to Menz sheep Afar sheep breed showed more 
variability on coat color type with Unalikeability of 0.69 followed by ear form and coat color 
pattern with Unalikeability of  0.40 and 0.34, respectively. When the variability of the two 
breeds were compared more uniformity were observed for Afar sheep breed suggesting the 
Afar breed is close to bred true, means that able to produce offspring with that of the same 
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phenotype. Whereas Menz sheep far from bred true and higher heterogeneity of coat color 
obtained for Menz sheep in this study was supported with the finding of Sisay (2002). Higher 
variability in coat colour of Menz sheep, observed colour type, small size and presence of 
horn, short fat tailed makes them similar with the primitive Soay sheep breed (Marrs, 2006) 
 
4.30. Body Weight and Body Measurements 
 
Information on body and testicle size of specific sheep breed at constant age has paramount 
importance in the selection of genetically superior animals for production and reproduction 
purpose. Figure 13 shows a plot of body weight against dentition class for Menz and Afar 
ewes, which was used to indicate the point where the body weight gain increased at a 
decreasing rate. Both Menz and Afar sheep breeds increased at larger rate from milk tooth 
stage (0 pairs of permanent incisor) to 1 pair of permanent incisor (1 PPI) which was 2.3 vs. 
2.3 kg and from dentition class 1 PPI to 2 PPI increased by 2.4 vs. 2.3 kg for Menz and Afar 
ewes, respectively. After dentition class 2 PPI (approximately 22.5 months) body weight 
increased at diminishing rate; for example from 2 PPI to 3 PPI the average body weight 
change was 0.48 and 1.4 kg for Menz and Afar sheep breeds respectively. The age of the 
sheep at which the body weight change become maximum were obtained from the quadratic 
equation using body weight change of each breed as response variable and dentition class as 
explanatory variable. This result indicated that these breeds attain their mature weight when 
they had 2.3 PPI for Menz and 2.2 PPI for Afar sheep (approximately equal to 22.5 months). 
Similar trend was observed by Riva et al. (2004) who observed little change in body weight 
and other measurements after 24 months in Bergamasca sheep breed of Italy. Thus, 
subsequent data analysis was done based on grouping sheep in to three age categories: 0 0 
PPI, 1 PPI and ≥ 2 PPI. Body weight of both Menz and Afar sheep started to decline at old 
age (dentition class 5) when sheep started to wear their permanent incisors (approximately 
above 5 years old). 
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Figure 13. Growth curve of Menz and Afar sheep  
 
As the two breeds are reared in different environments and production systems, describing 
the breeds separately could be more sensible. Thus, the least squares means of body weight, 
other body measurements and their relationship were presented for each breed separately. 
 
4.30.1. Effect of sex and age group and their interaction 
 
Sex effect: The least squares means and standard errors for the effect of sex, age group and 
their interaction on body weight and other body measurements are presented in Tables 25 
and 26, for Menz sheep and in Tables 27 and 28 for Afar sheep breed. For Menz sheep, Sex 
of the sheep had significant (p<0.01) effect on body weight (BW), chest girth (CG), Wither 
height (WH), body condition score (BC), tail length (TL) and tail circumference (TC). 
Whereas pelvic width (PW) was affected by sex of the sheep (p<0.05) and ear length (EL) 
and body length (BL) of Menz sheep were not affected (p>0.05) by sex of the sheep. 
Similarly in Afar sheep, BW, BL, CG, WH, BC, TL TC and EL were significantly (at least 
p<0.05) affected by sex of the sheep, whereas PW was not affected (p<0.05).  Male sheep 
were consistently higher (p<0.01) than females in all significantly affected variables for both 
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Menz and Afar sheep except for ear length which was lower (p<0.05) for males of Afar 
sheep. The effect of sex on body weight and other measurements obtained in this study is in 
agreement with previous results (Abebe, 1999; Kasahun, 2000; Markos et al., 2004). 
Differences in live weight and most of the body measurements between sexes observed in 
both Menz and Afar showed that these parameters are sex dependent. Ewes have slower rate 
of growth and reach maturity at smaller size due to the effect of estrogen in restricting the 
growth of the long bones of the body (Sowande and Sobola, 2007). 
 
Age effect: Body weight and all the body measurements were significantly (p<0.01) affected 
by age group for both Menz and Afar sheep breeds except EL (p>0.05) in both Menz and 
Afar sheep and BC and TL (p>0.05) in Afar sheep breed. In Menz sheep breed, BW and CG 
were increased as the age increased from the youngest (0 PPI) to the oldest (≥ 2 PPI) implied 
BW and CG reached maximum at oldest age group. In other measurements (BL, WH, PW, 
BC, TL, TC and horn length (HL)) intermediate age group (1 PPI) had larger (p<0.01) values 
than the youngest age group but the values were the same with the oldest age group implied 
that these measurements attain their maximum at intermediate age group. For Afar sheep 
breed BW, BL, CG, WH and PW significantly (p<0.01) increased as the age increased from 
youngest to the oldest. Tail circumference of Menz sheep was significantly (p<0.01) higher 
in oldest age group than the youngest age group but there was no difference (p>0.05) 
between intermediate and older animals. In case of SC the intermediate age group was higher 
(p<0.05) than the youngest age group while the same with the oldest age group, suggesting 
Menz sheep attain higher sperm production at the intermediate age group. In Afar sheep 
breed, the youngest and intermediate age group were not different (p>0.05) from each other 
where as the third age group had higher (P<0.01) SC than the first two. The effect of age on 
body weight and other body measurements were also observed in different goat breeds of 
Ethiopia (Yoseph, 2007). 
 
Sex by age group: The interaction of sex and age group was significant (p<0.05) for BW, 
CG, BC and TC but not significant (p>0.05) for BL, WH, PW, TL and EL for Menz sheep. 
BW, BL, CG, BC score, TC of male Menz ram in youngest age group were 18.0 ± 0.28 kg, 
51.7 ± 0.31 cm, 62.2 ± 0.40 cm, 1.7 ± 0.05 and 15.4 ± cm, respectively and the values for 
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females in the same age group were 16.5 ± 0.27 kg, 50.8 ± 0.30 cm, 60.7 ± 0.40 cm, 1.7 ± 
0.05 and 12.4 ± 0.27 cm, respectively.  The measurements for the oldest age group were 24.9 
± 0.67 kg, 55.5 ± 0.71 cm, 67.3 ± 0.93 cm, 2.3 ± 0.11 and 20.0 ± 0.64 cm for males and 22.3 
± 0.13 kg, 56.4 ± 0.14 cm, 68.2 ± cm, 1.9 ± 0.02 and 13.2 ± 0.13 cm for females, 
respectively. In all age groups of Menz sheep males were heavier (p<0.01) than females. BC 
score was the same for male and female at youngest age group and male’s condition was 
better at the intermediate and oldest age group. Tail circumference was significantly (p<0.01) 
larger for males than females in all age groups. Body weight and body measurement (CG, 
WH, BL, BC, TC and PW) of Menz sheep reported in this study are comparable with the 
previous reports on the same breed from on-station (Ewnetu and Rege, 2003; Markos et al., 
2004; Solomon et al., 2008) and on-farm (Abebe, 1999) management conditions.  Body 
weight obtained at the oldest age group of Menz male and female sheep is in agreement with 
the on-farm study by Abebe (1999), who reported 21.6 and 19.8 kg for mature male and 
female Menz sheep, respectively. However, the result of the present study was lower than 35 
to 45 kg for rams and 25 to 30 kg for ewes reported by Galal (1983). Agyemang et al. (1985) 
also reported higher values of 30.4 kg for mature ram and 24.7 kg for mature ewe of Menz 
sheep around Debre Berahan.  Similarly, BL of the youngest and oldest age group obtained 
in present study was lower than the body length of 57.6 and 58.6 cm reported by Markos et 
al. (2004) for female and male at 12 months of age and 61.9 cm for females at 24 months 
age.  
 
For Afar sheep the interaction effect were significant only for WH (p<0.05) and BC 
(p<0.01). In Afar sheep breed, wither height of males in the youngest, intermediate and 
oldest age group were 58.6 ± 0.62 cm, 62.4 ± 0.90 cm and 65.3 ± 0.74 cm, respectively. The 
corresponding values for females were 58.6 ± 32 cm, 60.9 ± 27 cm and 62.6 ±12 cm, 
respectively. Wither height of males in the oldest age group was higher (p<0.01) than 
females of the same age group whereas males and females were similar (p>0.05) in the 
youngest and intermediate age group in the same breed. Body condition score of males in the 
youngest, intermediate and oldest age group of Afar sheep were 2.2, 2.2 and 2.4, respectively 
and the corresponding value for females were 2.1, 1.7 and 1.7, respectively. In the youngest 
age group male and females were the same (p>0.05) whereas in the intermediate and oldest 
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age group body condition of males were better (p<0.01) than females. This might be 
explained by that the pastoralists maintain the body condition of their breeding ram by 
preventing from breeding and breeding ewes loss condition as they provide milk for the 
family and their offspring. Body length, CG, WH, and PW of mature Afar rams were 64.2 ± 
0.87  cm, 71.9 ± 0.97 cm, 65.3 ± 0.74 cm and 21.3 ± 0.41 cm, respectively where as for 
mature ewes the values were 62.3 ± 0.14 cm, 69.2 ± cm, 62.6 ± 0.12 cm and 21.8 ± cm, 
respectively. Generally information available on body measurements is limited for Afar 
sheep. Wither height obtained in this study is comparable with the result of Galal (1983) who 
reported 66 cm and 61 cm for mature ram and ewe, respectively.  
 
Body weight of Afar rams and ewe in the youngest age group were 20.3 ± 0.71 kg and 18.5 ± 
0.36 kg, respectively. This is lower than the on-station yearling weight of Afar sheep (25.6 
kg and 23.5 kg for male and female, respectively) (Yebrah, 2008). Body weight of Afar 
sheep in the oldest age group for Afar ram and ewe were 29.0 ± 0.84 and 24.5 ± 0.13 kg, 
respectively. This result is lower than the previous report (Galal, 1983) of the mature weight 
of Afar ram and ewes, 35 kg and 29 kg, respectively. Body weight and measurements 
obtained in this study for mature Afar sheep were higher than values reported by other 
studies for Menz and Horro sheep breeds (Markos, et al., 2004) but lower than Gumuz sheep 
(Solomon, 2007). 
 
The comparatively lower body weight for both Menz and Afar sheep breed recorded in the 
current study than previous reports might be attributed to the difference in the level of 
management. This is so because the on-station management of the other studies increased the 
growth of the sheep and resulted in higher weight. The difference might also be related to 
location effect or year effect. Due to the fact that the values, for instance of Galal (1983), 
were estimated before 25 years might result in variation in body weight, as the feed situation 
and genetic make up of animals is not expected to be the same over the long years. 
 
Generally, live weight of Menz and Afar sheep breed obtained in this study was by far lower 
to achieve recommended body weight of 30 kg at yearling age (Markos, 2006). In north 
western Ethiopia, body weight of 32.5 kg at 13 to 18 months age were recorded for Gumuz 
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ram under on-farm management (Solomon, 2007); and 33.1 kg for Washera ram and 26.1 kg 
for Washera ewe were reported (Mengiste, 2008) at the age when sheep had 3 PPI, under 
farmer management. Under station management 34 kg body weight were reported for Horro 
sheep breed (Yohannes et al., 1998) at Bako Research Center. Small body size and reduced 
productivity in Menz and Afar sheep breed might be attributed to the fact that these could be 
used as means of survival in the harsh environmental situation (Lebbiea and Ramsay, 1994; 
Silanikove, 2000; Kosgey, 2004). However research finding indicated the possibility of 
genetic improvement on these sheep breeds due to the existence of within breed variability 
and moderate to high heritability for body weight (Benyam, 1992; Solomon et al., 2007b). 
Indigenous Menz sheep selected for yearling weight reached 30 kg live weight at yearling 
under better management (Solomon et al., 2006a). Thus, in order to utilize the opportunity of 
export market in the Middle East due to the geographical proximity of the country to the 
region we have to look for sustainable breed improvement program.  
 
Horn length, ear length, body condition score and tail circumference were the most variable 
traits in that order in Menz sheep. Horn is sex dependant character and it was affected by the 
age of the male sheep. Horn length at the youngest age group was 15.3 cm which was 
significantly shorter (p<0.01) than the intermediate age group (21.7 cm) and oldest age group 
(23.5 cm) while the later age groups were not different (p>0.05) from each other. This 
showed that horn growth reached its maximum length at the intermediate age. Mean body 
condition for male Menz and Afar sheep were considered as thin. This might be due to the 
existing feed situation in the areas. Unpublished report from Debre Berhan Agricultural 
Research Center indicated that poor body condition has negative effect on the quality of 
export meat and could be a possible cause of meat darkening after slaughter.  
 
Scrotum circumference of Menz ram in youngest age group was 20.9 ± 0.24 cm and was  
lower (p<0.01) than the value of the intermediate age group (24.0 ± 0.33 cm) and the oldest 
age group (24.5 ± 0.58 cm) whereas the later age groups were not different (p>0.05) from 
each other. Scrotum circumference of Afar sheep were 23.9 ± 0.57, 25.7 ± 0.79 and 27.5 ± 
0.67 cm for the youngest, intermediate and oldest age groups, respectively. Scrotum 
circumference of the oldest age group were significantly (p<0.01) higher than the youngest 
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and intermediate age groups while the first two age groups were not statistically different 
(p>0.05). The values obtained for horn length and scrotum circumference were comparable 
with results of other studies (Sisay, 2002; Markos et al., 2004; Söderquist and Hultén, 2006). 
The effect of age group on SC obtained in this study is in agreement with other finding 
(Yoseph, 2007) on different goat breeds of Ethiopia.  
 
The overall tail length of Afar sheep was 16.7 ± 0.24 cm which was lower than tail length of 
Menz sheep (18.7 ± 0.15). The tail length of Menz and Afar sheep were lower from previous 
reports of 36 cm for Horro sheep breed (Kasahun, 2000). The small tail length for Afar sheep 
is unexpected as it seemed large visually. This was because of the unique nature of the tail of 
Afar sheep than other fat tailed sheep breeds. Because of its large width of tail both at the base 
and the tip, the tail fat hang on the tail down wards Figure 14 (left) and some times reached 
below the hock. But the actual measurement of tail length was measured following the tail 
bone from the base to the tip of the tail as shown in Figure 14 between letter ‘A’ and ‘B’ 
which is lower than visualized size. Length between letters ‘C’ and ‘D’ indicated fat tail 
hanging downwards because of larger width of the fat tail. Tail circumference of mature Afar 
ram and ewes were 47.6 ± 1.6cm and 38.2 ± 0.27cm, respectively. This value is much higher 
than male (20.0 ± 0.64) and female (13.2 ± 0.13) tail circumferences of Menz sheep found in 
this study and was also higher than earlier reported value of 15.0 cm for Menz and Horro 
sheep (Kasahun, 2000). Large tail circumference of Afar sheep recorded in this study was in 
agreement with the report that the breed has a wide tail base (Galal, 1983). Most of the sheep 
breeds in the Middle East are fat-tailed and the fat-tail serves as a source of reserve energy 
during migratory periods when pasture is scarce. Fat tail was used as a source of cooking oil, 
and supplied a considerable portion of the dietary energy (Zamiri and Izadifard 1997).  
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Table 25. Least squares means ± standard errors of body weight (kg), body condition score and other body measurements (cm) for the 
effects of sex, age and sex by age for Menz sheep 
 
 
Effects and level 
Body weight Body length Chest girth Wither height Pelvic width Body condition 
N LSM±SE N LSM±SE N LSM±SE N LSM±SE N LSM±SE N LSM±SE 
Overall 1072    20.6±0.15 1095 53.5±0.17 1095 65.1±0.22 1095 58.4±0.16 1095 18.1±0.07 1095   1.9±0.03 
CV% 1072 15.0 1095 6.3 1095  7.1 1095 5.7 1095 8.3 1095 29.8 
R2 1072 36.0 1095 27.0 1095 28.0 1095 19.0 1095 22.0 1095 6.0 
Sex 
Male 
Female 
 **  NS  **  **  *  ** 
858 22.0±0.27 871 53.9±0.29 871 65.7±0.39 871 59.6±0.28 871 18.2±0.13 872 2.1±0±.05 
217 19.3±0.13 224 53.7±0.15 224 64.5±0.20 224 57.1±0.14 224 17.9±0.06 224 1.8±0.02 
Age group  **  **  **  **  **  ** 
  0 PPI 264 17.2±0.19a 271 51.3±0.22a 271 61.4±0.28a 271 56.1±0.20a 271 17.0±0.09a 271 1.7±0.03a 
  1 PPI 202 21.0±0.23b 204 54.3±0.26b 204 66.1±0.35b 204 59.0±0.25b 204 18.4±0.11b 204 2.0±0.04b 
≥ 2 PPI 609 23.6±0.32c 620 55.9±0.35b 620 67.7±0.48c 620 60.0±0.34b 620 18.9±0.16b 621 2.1±0.06b 
Sex by age group  **  Ns  **  Ns  Ns  ** 
Male, 0 PPI 127 18.0±0.28a 133 51.7±0.31 133 62.2±0.40a 133 57.4±0.29 133 17.1±0.13 133 1.7±0.05a 
Male, 1 PPI 65 22.9±0.39bc 66 54.7±0.43 66 67.7±0.57b 66 60.8±0.41 66 18.6±0.19 66 2.3±0.07b 
Male, ≥ 2 PPI 25 24.9±0.67b 25 55.5±0.71 25 67.3±0.93bc 25 60.8±0.67 25 18.9±0.30 25 2.3±0.11b 
Female, 0 PPI 137 16.5±0.27d 138 50.8±0.30 138 60.7±0.40a 138 54.8±0.28 138 16.8±0.13 138 1.7±0.05a 
Female, 1 PPI 137 19.1±0.27e 138 
595 
53.9±0.30 
56.4±0.14 
138 
595 
64.5±0.40c 
68.2±0.19b 
138 
595 
57.3±0.28 
59.2±0.14 
138 
595 
18.2±0.13 
18.8±0.06 
138 
596 
1.8±0.05ac 
1.9±0.02c Female, ≥ 2 PPI 584 22.3±0.14c 
Means with different superscripts within the same column and class are statistically different. Ns = Non significant; *significant at 0.05; **significant at 0.01. 0 PPI = 0 pair of 
permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors.  
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Table 26. Least squares means ± standard errors of tail and ear measurements (cm) for the effect of sex, age and sex by age; and horn 
length and scrotum circumference (cm) for the effect of age for Menz sheep 
 
 
Effect and level 
Tail length Tail circumference Ear length Horn length Scrotal circumference 
N LSM±SE N LSM±SE N LSM±SE N LSM±SE N LSM±SE 
Overall 1078 18.67±0.15 1096 15.47±0.15 1183 7.73±0.11 295 20.15±0.46 219 23.16±0.24 
CV% 1078 17.2 1096 23.3 1183 39.1 295 39.5 219 12.2 
R2 1078 10.0 1096 25.0 1183 0.9 295 19.0 219 25.0 
Sex 
Male 
Female 
 **  **  Na   Na  Na 
216 20.0±0.27 224 18.1±0.270 311 7.4±0.18     
862 17.4±0.13 872 12.8±0.140 872 8.0±0.13     
Age group  **  **  Ns  ** ** ** 
  0 PPI 269 18.1±0.19a 271 13.9±0.20a 274 7.9±0.18 127 15.3±0.68a 131 20.9±0.24a 
  1 PPI 198 19.3±0.23b 204 15.9±0.24b 229 7.7±0.21 90 21.7±0.81b 66 24.0±0.33b 
≥ 2 PPI 611 18.6±0.34ab 621 16.6±0.33b 680 7.5±0.17 78 23.5±0.87b 22 24.5±0.58b 
Sex by age group  Ns  **  Ns    Na  Na 
Male, 0 PPI 131 19.0±0.27 133 15.4±0.28a 136 7.5±0.26     
Male, 1 PPI 64 20.9±0.38 66 19.1±0.40b 91 7.5±0.32     
Male, ≥ 2 PPI 21 19.9±0.67 25 20.0±0.64b 84 7.2±0.33     
Female, 0 PPI 138 17.2±0.26 138 12.4±0.27c 138 8.4±0.26     
Female, 1 PPI 134 17.8±0.26 138 12.8±0.27c 138 7.9±0.26     
Female, ≥ 2 PPI 590 17.3±0.13 596 13.2±0.13c 596 7.9±0.13     
Means with different superscripts within the same column and class are statistically different (at least p<0.05). Ns = non significant; Na = not applicable. * significant at 0.05; 
**significant at 0.01. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. 
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Table 27. Least squares means ± standard errors of body weight (kg), body condition score and other body measurements (cm) for the 
effect of sex, age and sex by age for Afar sheep 
 
 
Effect and level 
Body weight Body length Chest girth Wither height Pelvic width Body condition 
N LSM±SE N LSM±SE N LSM±SE N LSM±SE N LSM±SE N LSM±SE 
Overall 779 22.76±0.26 792 60.58±0.28 792 66.50±.31 792 61.37±0.23 793 20.55±0.13 793 2.04±0.04 
CV% 779 14.0 792 5.5 792 5.7 792 4.6 793 7.4 793 27.4 
R2 779 33.0 792 22.0 792 30.0 792 21.0 793 23.0 793 9.0 
Sex 
Male 
Female 
 **  **  **  **  Ns  ** 
46 24.3±0.50 46 61.3±0.52 46 67.3±0.58 46 62.1±0.44 46 20.5±0.24 46 2.3±0.08 
733 21.2±0.16 746 59.9±0.17 746 65.7±0.19 747 60.7±0.14 747 20.7±0.08 747 1.8±0.02 
Age group  **  **  **  **  **  NS 
  0 PPI 102 19.4±0.40a 102 57.3±0.41a 102 62.4±0.46a 102 58.6±0.35a 102 19.3±0.19a 102 2.1±0.06 
  1 PPI 117 22.1±0.53b 121 61.2±0.56b 121 66.5±0.62b 121 61.6±0.47b 121 20.8±0.26b 121 1.9±0.08 
≥ 2 PPI 560 26.8(0.42c 570 63.2±0.44c 570 70.5±0.49c 570 63.9±0.37c 570 21.6±0.21c 570 2.1±0.06 
Sex by age group  Ns  Ns  Ns  *  Ns  ** 
Male, 0 PPI 21 20.3±0.71 21 57.3±0.74 21 62.5±0.82 21 58.6±0.62a 21 19.2±0.34 21 2.2±0.11a 
Male, 1 PPI 10 23.5±1.02 10 62.4±1.07 10 67.6±1.20 10 62.4±0.90bcd 10 20.9±0.50 10 2.2±0.15a 
Male, ≥ 2 PPI 15 29.0±0.84 15 64.2±0.87 15 71.9±0.97 15 65.3±0.74b 15 21.3±0.41 15 2.4±0.12a 
Female, 0 PPI 81 18.5±0.36 81 57.2±0.38 81 62.4±0.42 81 58.6±0.32a 81 19.41±0.18 51 2.1±0.05a 
Female, 1 PPI 107 20.8±0.31 111 60.1±0.32 111 65.4±0.36 111 60.9±0.27c 111 20.7±0.15 111 1.7±0.05b 
Female, ≥ 2 PPI 545 24.5±0.13 555 62.3±0.14 555 69.2±0.16 555 62.6±0.12d 555 21.8±0.07 555 1.7±0.02b 
Means with different superscripts within the same column and class are statistically different (at least p <0.05).  Ns = non significant; * significant at 0.05; **significant at 
0.01. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors 
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Table 28. Least square means ± standard error of Tail and ear measurements (cm) for the effect of sex, age group and sex by age for Afar 
sheep; and scrotum circumference (cm) for the effect of age for Afar sheep 
 
 
Effect and level 
Tail length Tail circumference Ear length Scrotal circumference 
N LSM±SE N LSM±SE N LSM±SE N LSM±SE 
Overall 792 16.68±0.24 791 41.16±0.51 801 5.37±0.09 43 25.69±0.39 
CV% 792 19.1 791 16.4 801 20.8 43 9.8 
R2 792 4.5 791 7.8 801 0.7 43 29.0 
Sex 
Male 
Female 
 **  **  *  Na 
45 17.8±0.46 46 45.0±0.97 56 5.2±0.16   
747 15.6±0.15 745 37.3±0.32 745 5.6±0.06   
Age group  Ns  **  Ns  ** 
  0 PPI 101 16.3±0.38 102 39.0±0.77a 102 5.4±0.14 19 23.9±0.57a 
  1 PPI 121 17.3±0.49 121 41.6±1.04ab 122 5.3±0.18 10 25.7±0.79a 
≥ 2 PPI 570 16.4±0.38 568 42.9±0.82b 577 5.4±0.12 14 27.5±0.67b 
Sex by age group  Ns  Ns  Ns  Na 
Male, 0 PPI 20 16.9±0.66 21 42.2±1.40 21 5.4±0.25   
Male, 1 PPI 10 18.9±0.93 10 45.2±2.00 11 5.0±0.35   
Male, ≥ 2 PPI 15 17.7±0.76 15 47.6±1.60 24 5.3±0.23   
Female, 0 PPI 81 15.8±0.33 81 35.8±0.70 81 5.5±0.13   
Female, 1 PPI 111 15.8±0.28 111 38.1±0.60 111 5.6±0.11   
Female, ≥ 2 PPI 555 15.1±0.12 553 38.2±0.27 553 5.5±0.05   
Means with different superscripts within the same column and class are statistically different (at least p < 0.05). Ns = non significant;  Na = Not applicable. * significant at 0.05; 
**significant at 0.01. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. 
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Figure 14. Appearance of fat tail and measurement points for Afar sheep 
 
4.30.2. Relationship between body weight and other body measurements 
 
Phenotypic correlation coefficients (r) obtained between the live weight and body 
measurements of Menz and Afar sheep are presented in Table 29 and Table 30, respectively. 
Correlation coefficients between live weight and other measurements estimated for male Afar 
sheep found in the intermediate age group were non significant while r value was large (Table 
29). This might be because of small number of observations. Positive and highly significant 
(P<0.01) correlations were observed between body weight and most of the body measurements. 
The correlation of body condition with body weight at youngest and intermediate age group for 
Afar breed was not significant (p>0.05).  
 
The high correlation of different measurements with body weight would imply these 
measurements can be used as indirect selection criteria to improve live weight (Khan et al., 
2006; Solomon, 2008) or could be used to predict body weight (Atta et al., 2004; Afolayan et 
al., 2006; Fasae et al., 2006). The high correlation coefficients between body weight and body 
measurements for all age groups suggest that either of these variables or their combination 
could provide a good estimate for predicting live weight of Menz and Afar sheep from body 
measurements. Chest girth had consistently showed the highest correlation coefficient (0.81 to 
0.97) in all age groups of both sexes of Menz and Afar sheep. This highest correlation of chest 
girth with body weight than other body measurements was in agreement with other results (Atta 
and El khidir, 2004; Thiruvenkadan, 2005; Afolayan, et al., 2006; Fasae et al., 2006; Solomon, 
    A 
 
            B   
   C 
 
      
 
    D 
A                          B 
  
89 
 
2008) and would imply that chest girth was the best variable for predicting live weight than 
other measurements.  
 
Scrotum circumference (SC) had positive and strong correlation with body weight at all age 
groups with correlation coefficient of 0.63 to 0.67 for Menz rams and 0.66 to 0.71 for Afar 
rams.  The strong correlation of SC with body weight is in agreement with previous reports of 
Horro sheep breed (Yohannes et al., 1995). Males with large SC tend to sire daughters that 
reach puberty at an earlier age and ovulate more ova during each oestrus period (Söderquist and 
Hultén, 2006). Decrease in SC resulted in increase in morphologically abnormal sperm 
(Söderquist and Hultén, 2006) and SC strongly correlated with age at first puberty of females, 
semen traits and libido (Toe et al., 2000). Higher heritability of SC was observed by Toe et al. 
(2000). Measurement of SC is thus an essential part of the breeding soundness evaluation 
(Yoseph, 2007) and selection could be based on testicular circumference (Toe et al., 2000) 
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Table 29. Phenotypic correlation between body weight and other body measurements for Menz 
sheep within age group and sex 
 
 
Trait 
Age group 
0 PPI 1PPI ≥ 2 PPI 
M F M F M F 
Body condition 
 
N 113 116 70 114 18 509 
r 0.57** 0.49** 0.47** 0.46** 0.82** 0.49** 
Body length N 113 116 69 114 18 498 
r 0.73** 0.66** 0.70** 0.63** 0.75** 0.55** 
Chest girth N 111 116 69 114 18 509 
r 0.89** 0.87** 0.87** 0.81** 0.91** 0.82** 
Wither height N 111 113 58 104 17 494 
r 0.71** 0.76** 0.0.67** 0.71** 0.80** 0.61** 
Pelvic width N 113 116 70 114 18 509 
r 0.64** 0.71** 0.74** 0.64** 0.82** 0.55** 
Tail length 
 
N 111 116 69 111 14 503 
r 0.34** 0.30** 0.28* 0.30** 0.30NS 0..27** 
Tail circumference  N 112 116 70 113 18 507 
r 0.58** 0.59** 0.50** 0.48** 0.29NS 0.61** 
Horn length N 113 - 67 - 63 - 
r 0.57** - 0.35** - 0.11NS - 
Scrotum circumference N 109 - 50 - 16 - 
r 0.63** - 0.62** - 0.67** - 
N = number of observations. r = coefficient of correlation. 0 PPI = 0 pair of permanent incisors, 1PPI = 1 
pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. NS = non-significant; * < 
0.05, ** < 0.01. 
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Table 30. Phenotypic correlation between body weight and other body measurements for Afar 
sheep within age group and sex 
 
 
Trait 
Age group 
0 PPI 1PPI ≥ 2 PPI 
Male Female Male Female Male Female 
        
Body condition 
 
N 16 71 7 82 14 498 
r -0.11 NS 0.06 NS 0.73* 0.21 NS  0.57* 0.36** 
Body length N 16 69 6 79 14 485 
r 0.63** 0.72** 0.94** 0.66** 0.66* 0.52** 
Chest girth N 16 71 7 82 14 498 
r 0.97** 0.88** 0.95** 0.85** 0.86** 0.81** 
Wither height N 13 66 7 77 14 487 
r 0.93** 0.78** 0.84** 0.70** 0.64* 0.46** 
Pelvic width N 16 71 7 82 14 498 
r 0.78** 0.56** 0.73 NS 0.54** 0.65* 0.36** 
Tail length 
 
N 15 71 7 82 14 497 
r 0.11 NS 0.12 NS 0.62 NS 0.15 NS 0.14 NS 0.12** 
Tail circumference  N 16 71 7 81 14 497 
r 0.58* 0.53** 0.78* 0.52** 0.56* 0.40** 
Scrotum circumference N 15 - 7 - 13 - 
r 0.71** - 0.94** - 0.66 ** - 
N = number of observations. r = coefficient of correlation. 0 PPI = 0 pair of permanent incisors, 1PPI = 1 
pair of permanent incisor and  ≥ 2 PPI = 2 or more pairs of permanent incisors.  NS = non-significant; * < 
0.05, ** < 0.01 
 
4.30.3. Prediction of body weight from other body measurements 
 
The accuracy of functions used to predict live weight or growth characteristics from live 
animal measurements is of immense financial contribution to livestock production enterprises. 
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Multiple regression equations were developed for predicting body weight (BW) from other 
linear body measurements Body length (BL), Wither height (WH), Chest girth (CG), Tail 
length (TL), Body condition score (BC), Tail circumference (TC) and Scrotum circumference 
(SC).  Stepwise regression was carried out for each breed within each sex and age group, and 
for pooled age group within each sex for each breeds  by entering all the above traits at a time 
for male and by excluding SC for females for selection of independent variables. In all sex 
and age category of both Menz and Afar sheep breed CG was consistently selected and 
entered into the model in step one procedure of stepwise regression due to its larger 
contribution to the model than other variables. At second step of stepwise regression two 
independent variables were selected to be in the model, at third step 3 independent variables 
and so on.  Entering of significant (p<0.05) and best among the rest variables continued in 
consecutive steps until no other variable met the 0.05 significance level for entry into the 
model. In each step selection of variables were employed after examining all variables to see 
if any should eliminate at that step. The number of variables entered in each step, parameter 
estimates, their contribution in terms of coefficient of determination (R2) and mean square 
error (MER) are presented in Table 31 and Table 32 for Menz rams and ewes, respectively; 
and in Table 33 and 34 for Afar rams and ewes, respectively.  
 
The coefficient of determination (R2) represents the proportion of the total variability 
explained by the model. Chest girth was the first variable to explain more variation than other 
variables in both males (77% to 83%) and females (76 to 80%) of Menz sheep. Similarly, CG 
was the first variable to explain the largest variation than other body measurements 
(accounted 87% to 98% in males and 63 to 79% in females) in Afar sheep.  
 
Generally the R2 value was higher for Afar ram than Menz ram where as comparable R2 
values were obtained for Menz ewes than Afar ewes. Ram and ewes in Menz sheep showed 
comparable R2 value whereas in case of Afar sheep, rams had higher R2 value than ewes.  
The R2 and error mean square (MSE) were the criteria’s used to select the model. The R2 
always increase as new variable was added to the model thus we have to consider when new 
variable added to the model, which variable will notably increase the R2 change when added 
to the model. Error mean square (MSE) usually decreased when new variables were added to 
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the model but addition of unnecessary variable to the model can increase the MSE. Generally, 
in most cases where regression analysis is applied, there can be several potential independent 
variables that could be included in the model. It is often not easy which variables are really 
needed in the model. Precision of the model becomes less when we use few variables in the 
model and inclusion of many variables lead to multicollinearity (Zar, 1999; Kaps and 
Lamberson, 2004). After CG; the addition of other variables in the model increased the R2 
with a range of 0.1 to 8%. The result of the multiple regression analyses indicated that the 
addition of other measurements to CG would result in significant improvements in accuracy 
of prediction even though the extra gain was small. Besides the statistical concept and 
precision we should consider simplicity of measurement in order to select independent 
variables. Firstly addition of more variable under field condition increase error incurred by the 
individual taking measurements and secondly some variables are more affected by the animal 
posture so it is difficult to measure such variables accurately. It was recognized that chest 
girth is among the variables least affected by the animal posture and easy to measure than 
other measurements like wither height and body length. Thus under field conditions, live 
weight estimation using chest girth alone would be preferable to combinations with other 
measurements because of difficulty of the proper animal restraint during measurement. In 
addition to this moderate to high heritability for chest girth and its good indications for 
skeletal dimension (Janssens and Vandepitte, 2004) noticed in Belgian sheep breeds makes 
CG preferable to other measurements. 
 
Coefficient of determination obtained for all pooled age group using CG as explanatory 
variable was higher and comparable with the three (0 PPI, 1 PPI and ≥ 2 PPI) age groups 
except it was lower than the R2 value obtained for Afar rams at the age of  1 PPI. Thus instead 
of using separate equation to for different age group the overall equation of the pooled age 
group using CG as explanatory variable might be used for the prediction of body weight for 
each male and female sheep of Menz and Afar sheep breeds. The prediction of body weight 
could be based on regression equation y = -23.42 + 0.67x for Menz rams, y = -23.29 + 0.67x 
for Menz ewes, y = -30.77 + 0.82x for Afar rams and y = -31.0 + 0.80x for Afar ewes, Where 
y and x are body weigh and chest girth, respectively. Body weight of Afar rams at the age of 1 
PPI could also be predicted based on y = -21.41 + 0.67x. 
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Table 31. Multiple regression analysis of live weight on different body measurements for Menz ram by age group 
 
 
Age 
group 
 
Model 
Parameters   
Intercept β1 β2 β3 β4 β4 R2  R2 
change 
MSE 
  0 PPI 
   
 
CG 
-19.27±1.99 0.60±0.03     0.77 0.000 1.86 
CG+BL  
-25.26±2.45 0.49±0.04 0.25±0.07    0.80 0.030 1.65 
CG+BL+SC 
-23.71±2.41 0.45±0.04 0.21±0.06 0.16±0.05   0.82 0.020 1.52 
CG+BL+SC+BC 
-22.05±2.43 0.42±0.04 0.19±0.06 0.15±0.05 0.75±0.29  0.83 0.010 1.45 
CG+BL+SC+BC+WH  
-23.50±2.46 0.39±0.05 0.15±0.06 0.13±0.05 0.80±0.29 0.10±0.05 0.84 0.010 1.39 
  1 PPI CG -21.97±4.01 0.65±0.06     0.73 0.000 2.13 
CG+WH 
-29.42±5.28 0.51±0.09 0.28±0.13    0.76 0.030 1.97 
CG+WH+SC 
-32.48±5.71 0.40±0.10 0.35±0.13 0.28±0.11   0.79 0.030 1.78 
≥ 2 PPI CG -31.16±9.54 0.80±0.14     0.76 0.000 2.13 
CG+SC 
-35.20±8.38 0.67±0.14 0.53±0.24    0.84 0.080 1.56 
Overall CG -23.42±1.53 0.67±0.02     0.83 0.000 2.09 
CG+BL 
-28.31±1.77 0.54±0.04 0.25±0.05    0.85 0.020 1.84 
CG+BL+SC 
-24.61±1.73 0.47±0.04 0.22±0.05 0.20±0.05   0.87 0.020 1.66 
CG+BL+SC+BC 
-24.89±1.77 0.45±0.04 0.20±0.05 0.18±0.04 0.67±0.22  0.87 0.000 1.58 
CG+BL+SC+BC+WH 
-26.39±1.89 0.41±0.040 0.17±0.05 0.17±0.04 0.70±0.22 0.09± .04 0.88 0.010 1.53 
CG = Chest girth; BL = Body length; SC = Scrotum circumference; BC = Body condition score; WH = Wither height. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of 
permanent incisor and  ≥ 2 PPI = 2 or more pairs of permanent incisors. 
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Table 32. Multiple regression analysis of live weight on different body measurements for Menz ewes by age group 
 
 
Age 
group 
 
Model 
Parameters   
Intercept β1 β2 β3 β4 β4 R2 
change 
R2 MSE 
0 PPI 
 
CG 
-20.44±1.97 0.61±0.03     0.760 0.000 1.75 
CG+BL 
-24.13±20.7 0.51±0.04 0.19±0.05    0.790 0.030 1.54 
CG+BL+WH 
-26.90±2.17 0.43±0.05 0.15±0.05 0.18±0.06   0.810 0.020 1.42 
CG+BL+WH+TC 
-24.94±2.17 0.39±0.05 0.12±0.05 0.17±0.05 0.16±0.05  0.830 0.020 1.31 
1 PPI   
 
 
CG 
-16.22±2.72 0.55±0.04     0.630 0.000 1.97 
CG+WH 
-20.25±2.71 0.41±0.05 0.23±0.06    0.680 0.050 1.70 
CG+WH+TL 
-20.36±2.68 0.41±0.05 0.20±0.06 0.08±0.04   0.690 0.010 1.67 
≥ 2 PPI CG -18.89±1.34 0.06±0.02     0.670 0.000 2.52 
CG+TC 
-15.34±1.35 0.51±0.02 0.23±0.03    0.710 0.040 2.24 
CG+TC+BL 
-19.43±1.49 0.45±0.02 0.22±0.03 0.14±0.02   0.730 0.020 2.09 
CG+TC+BL+BC 
-18.84±1.46 0.45±0.02 0.17±0.03 0.14±0.02 0.64±0.15  0.736 0.006 2.02 
CG+TC+BL+BC+WH 
-20.53±1.56 0.40±0.03 0.17±0.03 0.11±0.03 0.66±0.15 0.09±0.03 0.741 0.005 1.99 
Overall CG -23.29±0.85 0.67±0.01     0.800 0.000 2.46 
CG+BL 
-26.61±0.89 0.56±0.02 0.19±0.02    0.820 0.020 2.21 
CG+BL+TC 
-25.90±0.87 0.52±0.02 0.19±0.02 0.14±0.02   0.830 0.010 2.10 
CG+BL+TC+WH 
-27.74±0.97 0.18±0.02 0.16±0.02 0.14±0.02 0.11±0.03  0.830 0.000 2.02 
CG+BL+TC+WH+BC 
-27.57±0.97 0.47±0.02 0.16±0.02 0.10±0.03 0.11±0.03 0.45±0.13 0.840 0.010 2.02 
CG = Chest girth; BL = Body length; WH = Wither height; TC = Tail circumference; BC = Body condition score. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of 
permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors 
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Table 33. Multiple regression analysis of live weight on different body measurements for Afar ram by age group 
 
 
Age group 
 
Model 
Parameter  
Intercept β1 β2 β3 β4 R2  R2 
change 
MSE 
 0 PPI CG -21.14±1.97 0.67±0.03    0.980 0.000 0.17 
CG+BC  
-22.77±1.77 0.67±0.03 0.62±0.27   0.990 0.010 0.11 
1 PPI CG -30.30±8.80 0.79±0.13    0.910 0.000 0.55 
CG+BL 
-50.63±7.82 0.70±0.08 0.43±0.13   0.980 0.070 0.16 
CG+BL+BC 
-42.64±2.87 0.63±0.03 0.34±0.04 1.05±0.20  0.998 0.018 0.02 
 ≥ 2 PPI 
 
CG 
-34.01±11.12 0.87±0.15    0.740 0.000 5.45 
CG+BC 
-26.87±8.43 0.67±0.13 2.99±0.92   0.870 0.130 2.92 
CG+BC+BL 
-33.20±8.35 0.49±0.15 3.24±0.84 0.29±0.16  0.910 0.040 2.37 
CG+BC+BL+TL 
-37.37±7.92 0.38±0.15  3.75±0.82 0.38±0.15 0.28±0.16 0.930 0.020 1.94 
Overall CG -30.77±4.05 0.82±0.06    0.870 0.000 2.90 
CG+BC 
-29.55±3.01 0.72±0.05 2.44±0.50   0.930 0.060 1.59 
CG+BC+WH 
-26.77±3.44 0.87±0.11 2.38±0.49 0.21±0.13  0.940 0.010 1.51 
CG = Chest girth; BC = Body condition score; BL = Body length; TL = Tail length; WH = Wither height. 0 PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent 
incisor and ≥ 2 PPI  = 2 or more pairs of permanent incisors 
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Table 34. Multiple regression analysis of live weight on different body measurements for Afar ewes by age group 
 
 
Age 
group 
 
Model 
Parameters   
Intercept β1 β2 β3 β4 β4 R2  R2 
change 
MSE 
0 PPI 
 
CG 
-34.30±3.46 0.85±0.06     0.790 0.000 2.70 
CG+BL 
-37.48±3.47 0.71±0.07 0.21±0.08    0.810 0.020 2.43 
CG+BL+TL 
-39.14±3.51 0.72±0.07 0.19±0.07 0.12±0.0   0.820 0.01 2.33 
CG+BL+TL+TC 
-37.24±3.67 0.68±0.08 0.18±0.07 0.11±0.07 0.04±0.03  0.830 0.010 2.27 
1 PPI 
 
CG 
-22.41±3.25 0.66±0.05     0.710 0.000 1.56 
CG+TC 
-21.43±3.10 0.59±0.05 0.09±0.03    0.750 0.040 1.40 
CG+TC+WH 
-25.74±3.29 0.48±0.06 0.09±0.03 0.20±0.07   0.770 0.020 1.26 
CG+TC+WH+BC 
-27.17±3.33 0.49±0.06 0.07±0.03 0.20±0.07 0.59±0.33  0.790 0.020 1.22 
≥ 2 PPI CG -27.52±1.84 0.75±0.03     0.630 0.000 3.11 
CG+BC 
-27.44±1.71 0.72±0.02 1.41±0.16    0.683 0.053 2.67 
CG+BC+BL 
-35.07±1.88 0.64±0.03 1.28±0.15    0.720 0.037 2.36 
CG+BC+BL+TC 
-34.73±1.87 0.62±0.03 1.19±0.15 0.21±0.03 0.04±0.02  0.724 0.004 2.33 
CG+BC+BL+TC+WH 
-37.00±2.10 0.59±0.03 1.21±0.15 0.20±0.03 0.04±0.01 0.08±0.03 0.728 0.004 2.3 
Overall CG -31.00±1.19 0.80±0.02     0.776 0.000 2.94 
CG+BL 
-36.01±1.23 0.67±0.02 0.22±0.02    0.804 0.028 2.57 
CG+BL+BC 
-38.07±1.20 0.68±0.02 0.22±0.02 1.04±0.13   0.824 0.020 2.32 
CG+BL+BC+TC 
-37.81±1.19 0.66±0.02 0.23±0.02 0.94±0.13 0.04±0.01  0.827 0.003 2.29 
CG+BL+BC+TC+WH 
-39.72±1.37 0.63±0.02 0.20±0.02 0.98±0.13 0.03±0.01 0.08±0.03 0.829 0.002 2.26 
CG = Chest girth; BL = Body length; TL = Tail length; TC = Tail circumference; BC = Body condition score; WH = Wither height. 0 PPI = 0 pair of permanent 
incisors; 1PPI = 1 pair of permanent incisor and ≥ 2 PPI = 2 or more pairs of permanent incisors. 
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5. SUMMARY AND CONCLUSION 
 
5.1. Summary and Conclusion 
 
Characterization of Menz and Afar sheep breeds in their production environment were 
conducted in Menz and Afar areas aimed at designating community-based sheep breeding 
strategy.  The study was conducted by implementing single visit questionnaire, observing and 
recording of sheep morphological characters, and by recording body weight and body 
measurements.  
 
Sheep production in both Menz and Afar area was characterized by low input subsistence, 
multiple production objectives in marginal environments. In Menz area mixed crop-livestock 
system and in Afar area pastoral system was practiced. Larger flock size than other parts of 
the country was obtained in Both Menz and Afar area. Sheep was predominant species in 
Menz area, their contribution as income source was more than any other farming activities. 
The dominancy of Menz sheep population and their contribution to the family income than 
other farming systems makes the breed of paramount importance in the livelihood of the 
community. 
 
Small flock size (though relatively larger than other parts of the country), uncontrolled 
mating, low level of literacy especially in Afar area, flock mobility in Afar area, absence of 
breeding ram in many of the flocks mainly in Afar area, utilization of breeding ram/s born 
within the flock, lack of awareness about inbreeding was the major threats for designing and 
implementing sheep breeding programs. However, mixing of flocks reported by many of the 
farmers had a good potential in the efforts for solving absence of breeding ram and reduce the 
risk of inbreeding. 
 
Menz and Afar rams were castrated at the age of 1.7 and 1.5 years, respectively. After 
castration sheep were kept for longer period of time, 1.9 years (range of 0.25 to 5 years) and 
3.1 years (range of 1 to 6 years) for Menz and Afar sheep breeds, respectively.   
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Out of all Menz sheep owners, 20.6% had no breeding ram, 17.6% owned one ram and 61.8% 
owned more than one breeding ram with an average of 1.8 breeding ram per flock. Whereas, 
51.7% of Afar sheep breeders did not have breeding ram, 36.7% owned one ram and 11.6% 
had more than one breeding ram with an average of 0.65 breeding ram per flock of a 
household. Though breeding was generally uncontrolled in both Menz and Afar areas, many 
pastoralists in Afar area reported that they try to avoid dry season lambing using traditional 
methods.   
 
Appearance or conformation of breeding ram was the most important selection criteria for 
both Menz and Afar sheep owners with an index of 0.29 and 0.35, respectively. Fast growth, 
coat colour, tail size and shape and mating ability were ranked second, third, fourth and fifth 
with index of 0.24, 0.20, 0.18, and 0.04, respectively in Menz area. In Afar area tail size and 
shape, fast growth, coat colour and mating ability were ranked second, third, fourth and fifth 
important traits for selection with index of 0.20, 0.17, 0.15 and 11, respectively. In Menz area; 
lambing interval, mothering ability, ability to give multiple birth and coat colour type were 
the four reasons for ewe selection in that order with an index of 0.31, 0.22, 0.16 and 0.12, 
respectively. Afar sheep breeders consider milk yield, mothering ability, appearance and/or 
size of ewe and lambing interval as the four more important traits with an index of 0.22, 0.16, 
0.15 and 0.12, respectively.  
 
The primary reason for keeping sheep for the Menz sheep owners was to generate income 
followed by  meat consumption, manure, hair and as means of saving in that order.  However, 
the primary reason of keeping Afar sheep breed was for the purpose of milk yield followed by 
meat consumption and to generate income in that order.  
 
Sexual maturity age of Menz ram was 10.5 months, whereas for Afar rams it was 7.1 months.  
Age at first lambing, lambing interval, twining rate and lifetime productivity of Menz sheep 
were 470.1 days, 255.1 days, 1% and 9.3 lambs, respectively. The corresponding values for 
Afar sheep were 405.6 days, 270.5 days, 5%, 12.1 lambs, respectively. Sheep milking was 
practiced by Afar pastoralists during the wet seasons with mean (standard deviation) milk 
yield of 224 (54) ml per ewe per day.  
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Feed shortage/frequent drought and disease prevalence were the two most important sheep 
production constraints in both production systems. Shortage of capital to start or expand sheep 
production and lack of improved genotype were the third and fourth constraints in Menz, 
whereas water shortage ranked third in Afar area.  
 
Based on the reasons for keeping sheep and selection criteria of farmers and pastoralists, the 
main breeding goal has been defined as increasing meat production (improve growth rate and 
conformation), and fleece yield for Menz sheep and increasing milk yield and meat 
production for Afar pastoralists.  
 
Menz sheep breed is fat tailed (100%) and the tail was curved upward at the tip (99.5%). 
Almost all (98.8%) of Menz sheep had long and coarse wool/hair. Short and smooth (0.9%) 
and short and coarse (0.3%) hair were observed rarely. Plain red, white and black colours 
were observed in Menz sheep with proportions of 29.3%, 21.6% and 15.8%, respectively. The 
mixtures of red and white; and black and white colours were accounted for 16.4% and 6.3%, 
respectively. Black with white head, dark grey locally known as ‘jibma’ and black color with 
white or red belly ‘tazma’ accounted for 3.0%, 6.0% and 1.7%, respectively. Almost all 
(99.1%) of the ewes were polled whereas most (92.3%) of the rams were horned. About 
18.5% of the males had ruff (long hair around the neck region of the inner part) whereas 
females had no ruff. Menz rams had no wattle while 6.1% of the ewes were with wattle. 
About 15.4% of the Menz sheep had rudimentary ear, 35.3% had short ear showing a 
tendency to be inclined downward and the remaining half (49.3) of the sheep had larger and 
dropping/semi-pendulous ears.  
 
Afar sheep breed is fat tailed and the tail is curved upward having a wider tail both at the base 
and at the tip. Coat colour pattern of Afar sheep breed was patchy (58.1%), plain (40.6%) and 
rarely spotty (1.3%). Almost all (99.7%) of the Afar sheep had short and coarse hair. Coat 
colour type of the breed was white with red patch along the back (41.9%), plain light red 
(30.9%), plain white (17.2%) and plain dark red (7%). This showed that majority (90%) of the 
sheep are found in between white and red colours. Other colors were found rarely; plain black 
(1.2%), black and white (1.1%) and dark grey (0.7%).  Almost all of the sheep (99.2%) had 
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straight head profile. Both sexes of Afar sheep breed are polled. About 2.4% of the female 
had wattle while all of the males had no wattle. The breed had no ruff, but dewlap is present 
in both sexes. Majority (78.6%) of the Afar sheep were short eared showing a tendency to be 
inclined downwards and about 19.7% were with rudimentary ear. Long drooping ear was 
found rarely (1.7%).  
 
Sex and age of the sheep had a significant (p<0.01) effect on body weight and many of the 
body measurements. Generally, measurements were higher for males and increased as the age 
increased from the youngest to the oldest age group. Generally, live weight of Menz and Afar 
sheep breed observed in this study was lower than values reported for other breeds of the 
country.  
 
Generally, positive and highly significant (P<0.01) correlations were observed between body 
weight and most of the body measurements. In the regression analysis carried out to predict 
body weight, chest girth was the variable which explained more variation than other variables 
in all age groups of both males and females of Menz and Afar sheep breeds. Therefore, body 
weight could be estimated from chest girth with reasonable level of accuracy. The prediction 
of body weight could be based on regression equation y = -23.42 + 0.67x for Menz rams, y = -
23.29 + 0.67x for Menz ewes, y = -30.77 + 0.82x for Afar rams and y = -31.0 + 0.80x for Afar 
ewes, Where y and x are body weigh and chest girth, respectively. 
 
5.2. Recommendations 
 
• More emphasis needs to be placed on the improvement of Menz and Afar sheep 
breeds due to their significant contribution to the family food and income and their 
ability to survive and reproduce in the extreme environments in which crop production 
as well as maintaining large ruminants is difficult.  
 
• Especially in Menz area sheep seemed the only farming activity to maintain the 
activity of smallholder farmers thus specialization towards sheep production should be 
considered.  
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• Larger effort should be put on the selection and identification of breeding rams at 
early age to increase the proportion of breeding male in the Afar pastoral system and 
demonstration of early age finishing technologies for genetically inferior rams and 
method of controlling unwanted mating in Menz crop-livestock system. 
 
• Practice of mixing different sheep flocks within the village by organizing 
farmers/pastoralists based on common grazing land is suggested in order to make 
selection within village rather than within each flock of a household. This helps to 
increases selection intensity and reduces the risk of inbreeding by increasing the 
effective population size and to facilitate utilization of selected rams in group. Further 
more it is important to establish efficient way of ram exchange among villages which 
could be a good way to reduce the risk of inbreeding. 
 
• Qualitative traits like coat colour type and pattern influenced the decision of farmers 
and pastoralists in choosing animals so that assignment of economic value for such 
traits are suggested. 
 
• Designing and implementing of community-based sheep breeding program should 
focused to genetically improve growth rate and conformation, and fleece yield in 
Menz and to improve milk and meat yield in Afar area is suggested.  
 
• Improving the utilization of available crop residues and forage development by 
allotting part of their crop land or cultivation of annual forage during the main rainy 
season using the land allotted for the short rain might be considered in Menz area 
whereas in Afar area reduce the expansion of Prosopis juliflora, developing forage 
crop/tree along the Awash river might be considered. Research on utilization of the 
pods of Prosopis juliflora as animal feed should be considered.  
 
• Training on sheep health and strengthening the existing extension of animal health is 
required to reduce loss of sheep productivity caused by diseases. 
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7.1. Appendix A. Analysis of Variance and other Tables 
 
Appendix Table 1. Sheep body measurement and physical description format 
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Appendix Table 2. Codes for body measurement and physical description format 
Character level Code  Character Level Code 
 
Breed 
Menz  1  Tail 
Type 
Ear  
Fat tailed 1 
Afar 2  Fat ramped 2 
 
Site 
Menz 1  Thin tailed 3 
Afar 2   Tail 
Formati
on 
Curved up at the tip 1 
 
Sex 
Male 1  Straight &Tip downward 2 
Female 2  Blunt 3 
Source Born 1  Horn 
Shape 
Straight 1 
Purchased 2  Polled 2 
“Rebi” 3  Spiral 3 
Gift 4  Horn 
Orientati
on 
Rudimentary 1 
Other 5  Front 2 
 
 
Dentitio
n 
 
0 pair of permanent incisor lost 0  Backward 3 
1 pair of permanent incisor lost 1  Lateral 4 
2  pair of permanent incisor lost 2  Castrati
on 
Yes 1 
3  pair of permanent incisor lost 3  No 2 
4 pair of permanent incisor lost 4   
 
Hair 
type 
Short and Smooth 1 
Head/fa
cial/ 
Profile 
Straight/flat 1  Long and Coarse 2 
Concave 2  Short and Coarse  3 
Convex 3  Coat 
color 
Pattern 
Plain 1 
Wattle With wattle 1  Patchy 2 
With out wattle 2  Spotted 3 
Ruff With Ruff 1   
Coat 
color 
 
White 1 
Without Ruff    2  Brown 2 
Ear 
formati
on  
Rudimentary 1 Black 3 
Short ear 2  Gray 4 
Long ear 3 When mixed, list all 
colors (dominant 1st) 
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Appendix Table 3. Descriptions of body measurements 
 
Measurements Description 
Body Length (BL) Measured as the horizontal distance from the point of shoulder to 
the base of the tail 
Chest Girth (CG) The circumference of the body immediately behind the shoulder 
blades in a vertical plane perpendicular to the long axis of the 
body 
Ear Length (EL) The length of the ear of the external side from its root on the poll 
to the tip. 
Horn Length (HL) Length of the horn on its exterior side from its root at the poll of 
the tip 
Pelvic Width (PW) The distance between pelvic bones across the dorsum 
Rump Height (RH) Measured as the vertical distance from the top of the pelvic 
girdle to the ground 
Scrotum Circumference (SC) Pushing the testicles to the bottom of the scrotum and the 
greatest circumference measured 
Tail Circumference (TC) Circumference of the base of the tail 
Tail Length (TL) Distance from the base to the tip of the tail on the outer side of 
the tail 
Wither Height (WH) the height of an animal from the bottom of the front foot to the 
highest point of the shoulder between the withers 
All measurements were done while sheep was in standing position 
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Appendix Table 4.  Method of body condition scoring  
 
Condition 1 (Emaciated) 
Spinous processes are sharp and prominent. 
Loin eye muscle is shallow with no fat cover. 
Transverse processes are sharp; one can pass 
fingers under ends. It is possible to feel between 
each process.  
 
 
Condition 2 (Thin) 
Spinous processes are sharp and prominent. 
Loin eye muscle has little fat cover but is full. 
Transverse processes are smooth and slightly 
rounded. It is possible to pass fingers under the 
ends of the transverse processes with a little 
pressure. 
 
Condition 3 (Average) 
Spinous processes are smooth and rounded and 
one can feel individual processes only with 
pressure. Transverse processes are smooth and 
well covered, and firm pressure is needed to feel 
over the ends. Loin eye muscle is full with some 
fat cover.  
 
 
Condition 4 (Fat) 
Spinous processes can be detected only with 
pressure as a hard line. Transverse processes 
cannot be felt. Loin eye muscle is full with a 
thick fat 
 
Condition 5 (Obese) 
Spinous processes cannot be detected. There is 
a depression between fat where spine would 
normally be felt. Transverse processes cannot 
be detected. Loin eye muscle is very full with a 
very thick fat 
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Appendix Table 5. Sheep breeding knowledge of farmers and pastoralists 
 
 
Breeding knowledge 
Production system 
Crop- livestock Pastoral 
N % N % 
Able to identify the sire of the lamb 75 62.5 82 77.4 
Yes 45 37.5 24 22.6 
No      
Do you know side effect of inbreeding     
Yes 38 31.9 12 11.4 
No  81 68.1 93 88.6 
Do you allow inbreeding     
Yes 112 93.3 102 95.3 
No 8 6.7  4.7 
 
Appendix Table 6. Ranking of selling priority for different sheep classes in Menz and Afar area 
 
 
Common name 
Households  
Index 
 
Rank Rank 1st  Rank 2nd  Rank 3rd  
Menz      
Male lamb 2 5 2 0.03 6 
Ram lambs 8 24 37 0.18 3 
Ewe lambs 1 2 4 0.02 7 
Ram 4 9 11 0.07 5 
Breeding ewe 1 4 3 0.02 7 
Castrated 23 42 37 0.32 2 
Aged ewe 63 11 8 0.36 1 
Ram lamb 0 0 1 0.00 9 
Afar       
Male lamb 5 1 3 0.03 7 
Ram lamb 24 10 14 0.16 3 
Ewe lamb 2 12 7 0.06 6 
Ram 9 20 10 0.12 5 
Breeding ewe 4 6 7 0.05  
Castrated 42 16 22 0.28 1 
Aged ram 10 30 18 0.17 2 
Aged ewe 11 12 26 0.13 4 
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Appendix Table 7. Lambing pattern in Menz crop-livestock and Afar pastoral production system 
 
Season 
 
Local name of 
seasons 
Households  
Index 
 
Rank Rank 1st Rank 2nd Rank 3rd 
Menz       
September  75 16 7 0.38 1 
October  7 33 13 0.14 2 
November  0 5 9 0.03 9 
December  10 10 9 0.09 4 
January  7 19 12 0.10 3 
February  0 0 5 0.01 10 
March  1 1 2 0.01 10 
April  0 9 15 0.05 7 
May  0 2 2 0.01 10 
June  2 9 11 0.05 7 
July  7 8 16 0.08 5 
August  8 3 10 0.06 6 
Afar       
July-September Kerma 51 28 16 0.40 2 
October - February Gillal 3 19 37 0.15 3 
March- April Sugum 43 49 5 0.41 1 
May - June Hagaya 0 1 24 0.05 4 
 
Appendix Table 8. ANOVA for body weight of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 3328.620588 1664.310294 170.11 <.0001 
 SEX 1 768.893568 768.893568 78.59 <.0001 
SEX*Age group 2 152.666610 76.333305 7.80 0.0004 
Error                          1069 10597.63097         9.91359   
 
Appendix Table 9. ANOVA for body weight of Afar sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 1714.544992 857.272496 81.41 <.0001 
SEX 1 346.062245 346.062245 32.86 <.0001 
SEX *Age group 
Error                             
2 
773 
60.825395 
8140.00635         
30.412698 
10.53041 
2.89 0.0563 
 
 
 
 
 
 
 
  
120 
 
Appendix Table 10. ANOVA for  body length  of Menz sheep for the effect of sex, age and sex by age  
 
  Source DF Type III SS Mean Square F Value      Pr > F 
SEX 1 8.803895 8.803895 0.73 0.3915 
Age group 2 1879.627530 939.813765 78.46 <.0001 
SEX*Age group 2 59.253077 29.626538 2.47 0.0848 
Error                        1077   12901.30849        11.97893   
 
Appendix Table 11. ANOVA  for  body length  of Afar sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 1149.041235 574.520618 50.10 <.0001 
SEX 1 78.518095 78.518095 6.85 0.0090 
Age group*SEX 2 41.560446 20.780223 1.81 0.1640 
Error                             787 9024.58388         11.46707   
 
Appendix Table 12. ANOVA  for  chest girth  of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 3873.109947 1936.554974 88.95 <.0001 
SEX 1 174.277369 174.277369 8.01 0.0048 
Age group*SEX 2 265.653168 132.826584 6.10 0.0023 
Error                           1089 23708.54639         21.77093   
 
 
Appendix Table 13. ANOVA  for chest girth of Afar  sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 2048.409171 1024.204586 71.88 <.0001 
SEX 1 105.302030 105.302030 7.39 0.0067 
Age group*SEX 2 61.791097 30.895549 2.17 0.1151 
Error                            787 11214.22428         14.24933   
 
Appendix Table 14. ANOVA wither height of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 1476.014330 738.007165 65.90 <.0001 
SEX 1 737.996417 737.996417 65.90 <.0001 
Age group*SEX 2 57.962768 28.981384 2.59 0.0757 
Error                                 1089 12196.20998 11.19946   
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Appendix Table 15. ANOVA wither height of Afar sheep for the effect of sex, age and sex by age 
  
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 892.4941122 446.2470561 54.99 <.0001 
SEX 1 74.7643410 74.7643410 9.21 0.0025 
Age group*SEX 2 58.9327602 29.4663801 3.63 0.0269 
Error                                   787 6386.007188 8.114367   
 
Appendix Table 16. ANOVA for pelvic width of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 364.7870142 182.3935071 79.06 <.0001 
SEX 1 9.5078486 9.5078486 4.12 0.0426 
Age group*SEX 2 2.1262865 1.0631433 0.46 0.6309 
Error                                  1089 2512.236983 2.306921   
                               
Appendix Table 17. ANOVA for pelvic width of Afar sheep for the effect of sex, age and sex by age 
  
  Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 169.6807397 84.8403698 34.01 <.0001 
SEX 1 1.5792797 1.5792797 0.63 0.4265 
Age group*SEX 2 2.3052565 1.1526282 0.46 0.6302 
Error                           787 1963.208483   2.494547   
 
 
Appendix Table 18. ANOVA for body condition score of Menz sheep for the effect of sex, age and 
sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 15.17789936 7.58894968 24.84 <.0001 
SEX 1 11.36441614 11.36441614 37.20 <.0001 
Age group*SEX 2 7.89925034 3.94962517 12.93 <.0001 
Error                                1090 333.0142130 0.3055176   
 
Appendix Table 19. ANOVA for body condition score of Afar sheep for the effect of sex, age and sex 
by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 0.65512260 0.32756130 1.37 0.2543 
SEX 1 6.40606401 6.40606401 26.83 <.0001 
Age group*SEX 2 3.00485165 1.50242583 6.29 0.0019 
Error                            787 187.9244661 0.2387859   
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Appendix Table 20. ANOVA for tail length of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 158.8505198 79.4252599 8.48 0.0002 
SEX 1 656.9132723 656.9132723 70.10 <.0001 
Age group*SEX 2 44.0107225 22.0053613 2.35 0.0960 
Error                                  1072 10045.97339 9.37124   
 
Appendix Table 21. ANOVA for tail length of Afar sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 25.9321911 12.9660956 1.50 0.2243 
SEX 1 188.9155752 188.9155752 21.82 <.0001 
Age group*SEX 2 30.5468517 15.2734259 1.76 0.1720 
Error                                  786 6804.452644 8.657064   
 
Appendix Table 22. ANOVA for tail circumference of Menz sheep for the effect of sex, age and sex 
by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 719.162115 359.581058 34.64 <.0001 
SEX 1 3326.056500 3326.056500 320.44 <.0001 
Age group*SEX 2 440.697357 220.348679 21.23 <.0001 
Error                             1090 11313.94616 10.37977   
 
 
Appendix Table 23. ANOVA for tail circumference of Afar sheep for the effect of sex, age and sex by 
age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 491.454530 245.727265 6.22 0.0021 
SEX 1 2228.455651 2228.455651 56.41 <.0001 
Age group*SEX 2 74.865775 37.432888 0.95 0.3881 
Error                       785     31012.73945      39.50667   
 
Appendix Table 24. ANOVA for ear length of Menz sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 53.72476740 26.86238370 2.87 0.0570 
SEX 1 9.40347444 9.40347444 1.01 0.3162 
SEX*Age group 2 68.53496706 34.26748353 3.66 0.0259 
Error                             1177     11008.40097 9.35293   
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Appendix Table 25. ANOVA for ear length of Afar sheep for the effect of sex, age and sex by age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 1.00251597 0.50125798 0.38 0.6838 
SEX 1 4.68893118 4.68893118 3.56 0.0597 
SEX*Age group 2 1.20601993 0.60300997 0.46 0.6331 
Error                       795     1047.993797        1.318231   
 
Appendix Table 26. ANOVA for horn length of Menz sheep for the effect age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 3922.058600 1961.029300 33.38 <.0001 
Error                       292     17154.93801         58.74979   
 
Appendix Table 27. ANOVA for Scrotum circumference of Menz sheep for the effect of age 
  
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 543.0705338 271.5352669 36.96 <.0001 
Error                            216 1586.965996         7.347065   
 
Appendix Table 28. ANOVA for Scrotum circumference of Afar sheep for the effect of age  
 
Source DF Type III SS Mean Square F Value Pr > F 
Age group 2 103.3551276 51.6775638 8.28 0.0010 
Error                            40 249.6216165        6.2405404   
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7.2. Appendix B. List of Figures 
 
                
 
Appendix Figure 1. A bend wood locally known as ‘hadda’ used for sheep castration in Afar area 
 
 
               
 
Appendix Figure 2. A Afar ewe having a brand in her face 
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7.3. Appendix C. Questionnaire   
 
GENERAL INFORMATION AND SOCIO ECONOMIC ASPECTS 
     1.Interviewee________________________ 2.  Household head        
Sex _______   Age ________ 
 3. Position in  a.  Household head  5. Sex of the head  
 household b.  Spouse of head  a.   Male  
 (Tick one box) c.  Relative           b.     Female  
 d.  Son    
  e.  Daughter    
  Others (specify)    
  ________________    
 4. Age of the head  ___________  6. Marital status  
        a. Married  
         b. Divorced  
 7. Education  a. Illiterate        c. Widowed  
 level b. Writing and reading    
  c. Grade  8. Religion  _______________ 
 9. Number of people living in the house  by age and sex  
   No  No 
 10. Children  a. Males  < 15 yrs   _______ 11. Adult a. Males >15  ______ 
 b. Females  < 15yrs _______  b. Females >15_____ 
 12.  Land holding (in ha)    
   Own Rented  
  a.  Crops (including fallow land)                      _________  ________   
  b.  Fallow land                                                   _________  ________   
  c.  Grazing                                                          _________  ________   
  d.  Others (specify) _______________   
 13.  Type of grazing land and ownership 
  Own  Rent  Communal  
 a.  Open grassland          * (Tick one or more boxes in the 
first half of the box in each 
column. Then rank top three in 
second half of box, according to 
their importance; 1 for most 
important    , etc.) 
 b.  Tree covered grassland          
 c.  Bush/shrub grassland          
 d.  Stone covered grassland          
 e.  Swampy grassland          
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 14.  What is your major farming activity? (Tick one box)  
 a. Livestock production   
 b. Crop production 
  
 c. Both 
  
 15. On which do you depend more for? 
 a.  Food ____________________________ 
 b. Income source ____________________ 
 16.  Numbers of livestock kept      
  Number     Number   
 a. Cattle      f. Donkeys    
 b. Sheep      g. Mules    
 c. Goats      h. Camels    
 d. Chickens      i. Horses    
 17. Population trend in major livestock species   
  Increasing Decreasing Stable Reason 
 a. Sheep    ________________ 
 b. Cattle    ________________ 
 c. Goat    ________________ 
 d. Camel    ________________ 
 18. Sheep Number by age group    
  Number    
 a. lambs less than 6 months  _____________    
 b. Male > 1 year (Intact) _____________    
 c. Female > 1 year _____________    
 d. 6 months to 1 year _____________    
 e. Female 6 months to 1 year _____________    
 f. Castrated male _____________    
 19. Major crop grown     
                               Main season                        Short rain                           Main season              Short rain 
 a. Barley     e. Maize    
 b. Wheat      f. Bean     
 c. Teff     g. Pea    
 d. Sorghom     Others    
   ___________    
  During long rain (‘Meher’)       During short rain (‘Belg’) 
 20. List three most important 
crops 
1. ___________________        ___________________ 
 2. ___________________        ___________________ 
 3. ___________________        ___________________ 
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Production and management system 
1. General 
1.1.  Production system      
a. Crop–livestock system   
b. Agro-pastoralists       
c. Pastoralists       
Others (specify)   
 
1.2. Mobility  
    
 Family Reason Livestock Reason  
a. Sedentary          
b. Transhumance    _______________________   ___________  
c. Nomadic   _______________________   ___________  
1.3. If transhumance      
1.4. Which livestock species and age class move?  
Species Age class Season of Mobility Length  
1. __________ ______________ ______________ ___________ 
2. __________ ______________ ______________ ___________ 
3. __________ ______________ ______________ ___________ 
1.5. Purpose of keeping sheep    
 Tick Rank  Tick Rank  
a. Meat      i. Blood       
b. Milk      j. Skin      
c. Wool/hair      k. Savings     
d.  Tail fat      l. Income     
f. Ceremonies      m. Dowry     
g. Wealth status           
h. Manure         
Others (specify) ____________________________________ 
Do you intend to expand your sheep flock?    
            a. Yes     b. No    
If not, reason ____________________   If Yes, Reseaon _________________  
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1.6.  Members of household and hired labour responsible for sheep activities 
     (Tick one or more boxes in each column and row; (M = Male, F= Female) 
 Family Hired labor 
 (>=15y) (>=15y)    (<15y)  (<15y) 
 M F  M F  M F  M F   
  a.  Purchasing sheep              
  b.  Selling sheep             
  c.  Herding             
  d.  Breeding             
  e.  Caring for sick animals             
  f.  Feeding             
  g.  Milking             
  h.  Shearing             
  i.  Making dairy products             
 j.  Selling dairy products             
Others (specify) 
      
 k.  _________________ 
      
 
2. Feeding, grazing and watering 
2.1. Feed source  (Tick one or more boxes in each column 
and rank the top 3 in 2nd column 
                                   
              
              2.2. Grazing method   
     
 
 
                           Wet season     Ran
k 
Dry season Ran
k 
                  Dry  season  Wet season 
a. Natural pasture       a.  Free grazing       
b. Established pasture       b.  Herded       
c. Hay       c.  Paddock       
d. Crop residues       d.  Tethered       
e. Fallow land       e.  Zero-grazing       
f. Concentrate       Others (specify)       
g. Others (Specify)                                                                                     ______________     
____________                   
2.3. Length of grazing time during wet season (in hours): 
                   Morning from______________to _________ hours. 
                   Afternoon ________________to__________ hours. 
2.4. Length of grazing time during dry season (in hours): 
                   Morning from____________    to __________ hours. 
                   Afternoon from___________  to___________ hours.  
  
129 
 
2.5. Specify the area of your communal grazing land 
                  _______________ hectares for ______________ households 
2.6. Trend in communal grazing areas?     
a. Decreasing  b. Increasing  c. Stable   
Reason 
________________________________________________________________________________________________ 
2.7. How is sheep flock herded during the day time? 2.8. Sheep flock is herded  
a. Male and female are separated   a. Together with cattle   
b. Lambs are separated    b. Together with goat   
c. All classes sheep herded together   c. Together with camel   
d. Others (specify)    d. Together with calves   
____________________    e. Together with equines   
    f. All herded together   
    g. Sheep herded separately   
2.9. Way of herding       
      a. Sheep of a household run as a flock       
      b. Sheep of more than one household run as a flock   
      c. Others (specify) ___________________    
2.10. If the answer is b, how many household mix their sheep together __________ 
2.11. Crop residues used for sheep      
                       Wet season Dry season  
a. Wheat     2.12. List the three most important crop residues used during the: 
b. Barley     
c. Sorghum          Wet season                                      Dry season 
d. Maize     1. _________________            __________________ 
e. Bean     2. _________________            __________________ 
f. Pea     3. _________________            __________________ 
g. Lentil          
h. Chick pea          
Others (Specify)        
_____________        
2.13. Concentrates used for sheep                      
  Rank                 Type 
a. Home made grain   ____________________________ 
b. Oil seed cakes   ____________________________ 
c. Local brewery by-products   ____________________________ 
d. Flour by-products   ____________________________ 
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2.14. Is there seasonal fluctuation in feed supply?             
a. Yes    
b. No    
2.15. At which season of the year do you experience feed shortage? ________________ 
2.16. What is your copping mechanism? __________________ 
2.17. Supplementation regime  
             Dry   season        Wet season (Tick one or more boxes)                                                                            
a.  Roughage        
b  Minerals (salts)/vitamins        
c.  Concentrates        
d.  None      
Others (specify)    
e. _________________      
2.18. Do you practice fattening of sheep?     
                              a. Yes        b.  No   
2.19. If yes, which categories of animals do you fatten? 
a. Culled young female   e. Castrates    
b. Culled young male   f. Older males      
c. Young females   g. Older female          
d. Young males   Rank the top 3 in the second column 
2.20. Can you tell us the type of feed resources you use to fatten sheep? 
a. Naturel pasture   Concentrate    
b. Crop residues     Others (specify)    
2.21. At which periods of the year do you commonly fatten sheep? ___________ 
      Season                       Fattening duration                            Reason  
1. ____________             ______________        _______________________________ 
2. ____________             ______________        _______________________________ 
3. ____________             ______________        _______________________________ 
2.23. Source of water      2.24.  Distance to nearest watering point  
                  Dry season    Wet  season                           Dry season     Wet season 
a.  Borehole/water well     a.  Watered at home     
b.  Dam/pond     b.  <1km     
c.  River     c.  1–5 km     
d.  Spring     d.  6–10 km     
e.  Pipe water     e.  >10 km     
f.  Rain water          
Others (specify)           
g. ____________           
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2.25. Are lambs watered with the adults?  
                   a. Yes    b. No   
2.26. If no, describe watering distance and frequency for lambs? _______________________ 
2.27. Frequency of watering for adult animals        2.28.  Water quality             
                              Dry season   Wet season             Dry season   Wet season         
a.  Freely available      a.  Clean     
b  Once a day      b.  Muddy    
c.  Once in 2 days      c.  Salty    
d.  Once in 3 days      d.  Smelly      
Others (specify)            
e. ___________            
3. Housing 
3.1. Housing/enclosure for adult sheep (Tick one or more boxes)                                          
 
With roof 
a.  In family house      
b.  Separate house      
 c.  Veranda      
 
Without roof 
a.  Kraal      
b.  Yard      
c.  None      
 Others (specify)      
3.2.   Type of housing materials                                                                             
                                     Roof         Wall         Floor            3.3.  Are lambs housed with adults?   
a.  Iron sheets            a. Yes  b. No   
b.  Grass/Bushes            
c  Wood       If no, specify 
d  Stone/bricks       
e.  Earth/mud       ________________________  
f.  Concrete            
Others (specify)                    3.4. Are sheep housed together with cattle? 
g. _____________         a. Yes          b.  No     
4. Health  
4.1. List types of diseases which occur frequently and affect the productivity of sheep in the area and rank them based 
on importance 
 
Type of disease 
 
Symptom 
Season of 
occurrence 
Susceptible 
age group 
 
Rank 
Treatment 
Modern Traditional 
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4.2.  Access to veterinary services 4.3.  Distance to nearest veterinary services 
     (Tick one or more boxes)   (Tick one box)  
a.  Government veterinarian   a.  < 1km  
b.  Private veterinarian   b.  1–5 km    
c.  Shop or market   c.  6–10 km    
Others (specify)      
d._____________________     
4.4. Disease, parasite, heat, frost, drought tolerance of sheep compared with other species 
 Sheep Cattle Goat Camel  
Disease      
 
Rank across the 
column based on 
tolerance 
Internal parasite     
External parasite     
Heat     
Frost     
Drought     
Feed shortage      
Water shortage      
Adaptability     
 
Breeding practices     
 (Tick one or more boxes) 
1. Do you have crossbred ram a. Yes   b. No   
2. If yes,     
2.1. How many? ________       
2.2. Breed of crossbred ram/s a. Exotic   b. Local   
2.3. Source of ram/s ____________ 
3. Do you have local ram? a. Yes   b. No   4. If yes, how many? ___ 
5. If more than one, why do you need to keep more than one ram? ___________ 
6. For how many years on the average is the same breeding ram serving in your flock?_________ 
7. Is there any special management for breeding ram?         a. Yes     b. No   
 8. If yes, specify type of  management________________________________  
9. Purpose of keeping ram   10. Source of  ram (s)    
a.  Mating    a. Born in the flock    
b.  Socio-cultural    b. Purchased, private    
c. For fattening    c. Purchased in partner    
Others (specify)    d. Rent    
d. ______________        
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11. If you do not have breeding ram, how do you mate your Ewe?    
a. Neighbouring ram        
b. Unknown         
Others (Specify) ___________        
12. Do you practice selection for?      
Breeding male  a. Yes  Breeding female       a. Yes      
 b. No   b. No      
13. Age of selection         
Breeding male _____ months  Breeding female _____ Months    
14. Selection criteria for breeding ram? 
a.  Appearance/conformation   * Tick any reason for choice considered in first half of box; one or 
more  boxes to be ticked. Then rank top three by writing in second 
half of box, 1   for primary reason, 2 for second and 3 for third. 
List the top 3 in rank 
b.  Colour   
c.  Horns   
d.  Character   
e.  Adaptability   
f. Growth   List the top 3 preferred color  
g.  Wool/hair   1. __________________________  
h. Age   2. __________________________ 
i. Libido   3. __________________________ 
j. Ability to walk long distance   Unwanted colours 
k. Tail type/length    1. _____________________ 
l. Pedigree               2.     _____________________ 
Others (specify) __________    
15. Selection criteria for breeding ewe 16. Breeding/mating 
a.  Size/appearance     a.  Controlled  
b.  Colour     b.  Uncontrolled  
c Lamb survival      
d.  Lamb growth    17. If uncontrolled, what is the reason? 
e.  Age at first sexual maturity    a. Sheep graze together  
f.  Lambing interval   b. Lack of awareness  
g. Twining ability    c. Lack/insufficient number of ram  
h. Milk yield    d. Others (specify) _____________ 
i. Ability to walk long distance     
j. Tail type/length      
k. Wool/hair      
 Others (Specify)        
 ______________        
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18. Type of mating used   
        a. controlled                    b. un controlled    
    
 19. Could you able to identify the sire of a lamb?   
        a. Yes                  b. No     
 20. If yes, specify the criteria used to identify   
 _____________________________________________________________________ 
 _____________________________________________________________________ 
 21. Do you allow a ram to mate his   
  Yes No             Reason   
 a. Mother    _________________________  
 b. Daughter    _________________________ 
 c. Sister    _________________________ 
 22. Do you allow your ram to serve ewes other than yours?  
   Reason  
 a. Yes  ____________________________ 
 b. No  ____________________________ 
 23. Do you allow your ewe to be served by anyone else ram?  
   Reason  
 a. Yes  ____________________________ 
 b. No  ____________________________ 
 
Castration and culling                                                                       
1. Do you castrate?                                                       2. If yes, reasons for castration 
 a. Yes   a.  Control breeding   
b. No   b.  Improve fattening   
 c.  Better temperament     
3. If no, give reason  d.  Better price     
______________________________________  Others (specify)     
_______________________________________ e.  ___________________     
4. At what age do you castrate?      
(Tick one or more boxes) Season of castration     
   _______________     
a.   < 3 months   Reason     
b.   3–6 months   ________________     
c.   >6 months   Specify _____________      
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5. Do you give supplementary feed for castrated sheep 
a. Yes  b. No      
6. If yes, type of supplementary feed      
a. ____________________ 7. For how long do you supplement castrated sheep  ? ____-
_________________ b. ____________________  
c. ____________________      
8. Castration method      
a. Modern  b. Traditional       
  Specify traditional method ______________________________ 
9.  Reasons for selling     
  a. Cash needed                b. Disposal/culling   
10. Which class of sheep do you sell first in case of cash needed?     
 Rank  
a. male lambs less than 6 months      
b. Female lambs less than 6 months    
c. Ram lambs between 6 months and one year    
d. Ewe lambs between 6 months and one year    
e. Breeding ewes    
f. Breeding rams    
g. Castrated    
h. Old ewes    
i. Old rams    
11. Average market age in months Male _____  Female _______ 
12. Average culling age due to old age Male _____  Female _______ 
13. Is your sheep number increasing in the last 10 years? 
    a. Increased   b. Decreased     c. stable   
14. What is the trend compared with other livestock? 
 Increased  Decreased c. Same           Reason 
a. Compared with cattle          __________________  
b. Compared with goat          __________________  
c. Compared with camel          __________________  
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PRODUCTION CHARACTERISTICS      
1.  Average age at sexual maturity    2.  Age at first lambing                       3.  Lambing interval 
  a. Male ____ Months  Average ____ Months Average ____ Months 
          
b. Female  ____ Months  Maximum ____ Months Maximum ____ Months 
        Minimum ____ Months Minimum ____ Months 
4. Do you fix age at first mating for the females?     a. Yes  b.  No   
     
5. Do you fix age at first mating for the males?     a. Yes  b.  No   
6. Average reproductive lifetime of ewe (in years) ____________ 
7. Average number of lambing per ewes life time  _________________________ 
8.  Lambing pattern, occurrence of most births    
 (Tick one or more boxes then rank top three in second half of box) 
January      July     
9. Occurrences of multiple birth per 
100 ewe ________ 
February      August    
March     September    
April      October       
May      November       
June      December       
 
Milking 
1.  Is the sheep milked?      2.  Milk production per day per ewe         3.  Lactation length     
a. Yes    Average  Litres           Average  Months 
 b. No          
    Maximum  Litres        Maximum  Months 
    Minimum  Litres        Minimum  Months 
4.  Frequency of milking    5.  Average weaning age of lambs 
(Tick one box) 
a.  Once a day    a.   < 3 months  (Tick one box) 
b.  Twice a day    b.   3–4 months   
c.  Three times a day    c.   5–6 months   
    d.   > 6 months   
6.  Milk feeding up to weaning    
a.  Unrestricted suckling       
b.  Restricted suckling       
c.  Bucket feeding       
Others (specify) ________      
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Shearing:     
1. Average number of shears per year ___________    
2. Shearing season ____________________     
3. Average fleece production per shear per animal   _____________ kg   
4. Preferred wool color 1. ________________  5. Why? _______________ 
 2. ________________             __________________ 
6. Less preferred color 1. _______________  7. Why?  _______________ 
 2. _______________                   _______________ 
CONSTRAINTS FOR SHEEP PRODUCTION 
1. What are the main constraints for sheep production? Rank them according to their significance. 
Constraints Thick        Rank the top three 
a. Genotype   
b. Feed shortage    
c. Water shortage   
d. Disease   
e. Drought   
f. Market   
g. Lack of superior genotypes   
h. Predator   
i. Labor  
Others (specify)            ____________  
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7.4. Appendix D. Focal Group Discussion Check List 
 
1. History of the breed 
2. Social laws 
Herding  
Communal land use 
Mobility  
3. Major loss of livestock specifically sheep in the past. Reason? 
4. Occurrence and frequency of disease, drought, conflict, flood and other disasters 
5. Copping mechanism during these problems 
6. Major feed resources during different seasons 
7. Indigenous knowledge in managing the breed 
• Breed identification 
• Special qualities of the breed 
• Good and undesirable character of sheep compared with other livestock 
• Trait preference 
8. Major sheep production constraints  
9. Mobility period, length and reason 
10. Herding and breeding practices during migration 
11. Major farming activities 
12. Income contribution of the activities in percent 
13. Extinct sheep breed type or any loss in genetic diversity 
14. Type of services in sheep husbandry 
15. Sheep population trend in the last 10 years? _________________ 
16. Extension services in sheep production 
 
 
 
 
 
 
